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CHAPTER 1

GENERAL INTRODUCTION*

1.1 INTRODUCTION

"Simple, homogeneous, and perfectly transparent membranes, in which no structure can be
discovered" were described for the first time by Bowman in 1842 in an article entitled " The
structure and use of the Malpighian bodies of the kidney, with observations on the
circulation through that gland" (1).
Since the original description of Bowman, the term basement membrane has become
widely accepted in the literature, although alternatives such as basal lamina, basement
lamina and boundary membrane have been proposed (2).
Although originally described in the uriniferous tube of the kidney, basement membranes
are present ubiquitously in most multicellular organisms. In linings of epithelial and
endothelial cells basement membranes are found at the basal side of the cell, facing the
stroma. In addition they envelope cells in mesenchymal tissues: individual fat cells and
contractile cells of heart, smooth muscle and skeletal muscle and also Schwann cells are
surrounded by a basement membrane. In contrast, mesenchymal cells such as fibroblasts,
histiocytes and blood cells are not surrounded by a basement membrane, and also the
endothelium of lymph vessels and the sinusoids of the spleen, lymph nodes and liver lack a
continuous basement membrane. The hepatocyte is in fact the only epithelial cell in direct
contact with the plasma (3). Myofibroblasts, which play an important role in the mainten-
ance of the extracellular matrix (ECM) do not have a normal, intact basement membrane,
but are surrounded by patches of basement membrane material containing type IV
collagen, laminin and heparan sulphate proteoglycan (4,5).
In the past, histochemical procedures have been developed to visualize the basement
membrane, including the periodic acid Schiff method, which stains carbohydrates (6), as
well as silver staining procedures (7). Although the basement membrane zone is visualized
in this way, these histochemical reactions are not specific for basement membrane related
components, but stain other structures of the extracellular matrix and stroma, such as
collagen type I and type III, as well. Immunohistochemical methods with antibodies directed

" partially based on: Bosman FT, Havenith MG, Visser R, Cleutjens JPM.
Basement membranes in neoplasia.
Progress in Histochemistry and Cytochemistry 1992; Volume 24 No 2: 1-93



against basement membrane specific components have overcome this disadvantage and
provided a powerful and specific tool for fundamental and diagnostic investigations, which
led to unravelling of the basement membrane structure and composition and the establish-
ment of basement membrane staining patterns in normal and pathological conditions.
The basement membrane is a specialized compartment of the extracellular matrix (ECM),
which contains at least four classes of macromolecules: the family of collagen proteins;
structural glycoproteins such as laminin, fibronectin and entactin; elastin; and proteogly-
cans. The ECM forms a dynamic environment with major functions in cell differentiation,
tissue architecture and function, repair mechanisms, and in pathological conditions like
atherosclerosis, diabetes and malignant disease (3,8,9).
The basement membrane is a complex structure, with two distinct layers when visualized
electronmicroscopically, by staining with uranyl and osmium combinations. Adjacent to the
underlying stroma, a layer with high electron density, the "lamina densa", occurs. A second
layer of low electron density occurs adjacent to the cell membrane and is designated
"lamina lucida" or "lamina rara". A third layer has been described recently: this part of the
basement membrane contains perpendicular fibrils, which contain type VII collagen as a
major component. As this part of the basement membrane is in fact not a continuous layer,
the term "pars fibroreticularis" is preferred (2). It is suggested that they anchor the
basement membrane to the underlying connective tissue.

1.2 THE BASEMENT MEMBRANE COMPOSITION AND ARCHITECTURE

Until recently the ECM was regarded as a static framework, supporting and accommodating
epithelial and mesenchymal cells. During the past decade much knowledge concerning its
structure and function has become available (for recent reviews see 10-13).
Basement membranes are complex and dynamic molecular structures, with a molecular
arrangement differing in various organs, according to locally required functions. Compo-
nents of the basement membrane are synthesized and deposited by cells of both epithelial
and mesenchymal derivation (14, 15, 16). Some aspects of the composition and architec-
ture will be more extensively discussed in the following sections.

1.2.1 Basement membrane proteins

ECM components are in general divided into three categories:
(a) co//agens, which are the major structural elements;
(b) proteog/ycans, highly charged molecules regulating fibre size, hydration and tissue
permeability, and
(c) g/ycoprofe/ns which link matrix components and cells.
The collagens of the extracellular matrix form a heterogeneous family of proteins, which are
chemically and immunologically distinct.
The basement membrane, as a specialized compartment of the extracellular matrix,
contains a variety of other specific proteins. Martinez-Hernandez and Amenta (3) proposed
a distinction between "intrinsic" components, i.e. type IV collagen, laminin and heparan
sulphate proteoglycan, proteins which occur (almost) exclusively in basement membranes,
and "extrinsic" components, which are present in basement membranes with specialized
functions, but can also be found in other (extracellular matrix) structures.

1.2.1.1 Type IV collagen

Type IV collagen is the most important structural component of the basement membrane.
The formation of a stable network, serving as a supportive structure, is the major function
of this protein. Other functions include binding sites for other components like laminin,
proteoglycan and nidogen.
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The type IV collagen triple helix molecule is composed of four distinct polypeptide chains.
Originally two a chains were identified: oil (IV) and oc2(IV), which are arranged in a 390 nm
long triple helical rod, with a globular domain ("NC1-domain") at the carboxy-terminus and
a 30 nm long segment at the amino-terminus of the triple helix ("7S domain") (17). Recently
two additional type IV collagen polypeptide chains have been described, i.e. a3(IV) and
a4(IV) (18, 19).
These domains are the sites of the molecule where oligomers are generated by interaction
between the NC1 domains, leading to dimers, and of lateral association of the 7S domains
and resulting in tetramers (17,20,21).

1.2.1.2 Laminin

Laminin is a noncollagenous glycoprotein with a molecular weight of 900 kD. It forms
complexes with other basement membrane components such as type IV collagen (22-24)
and nidogen/entactin (25). It possesses distinct cell-binding properties and influences cell
differentiation and movement (26-31). The molecule has a cross-shaped structure with
three similar short arms and one long arm terminated by globular domains (32-34). The
protein consists of three polypeptide chains: two chains with a molecular mass of about
200 kD (B1 and B2 chains) and a large chain of about 400 kD (A chain). These chains are
attached to each other by disulphide bonds.

1.2.1.3 Heparan sulphate proteoglycan

Basement membranes contain at least three different proteoglycans, with heparan sulphate
proteoglycan (35) as the most important, and two smaller high density proteoglycans, with
either heparan sulphate or chondroitin sulphate side chains (36).
Heparan sulphate proteoglycan was found in in the lamina lucida, where it forms clustered
aggrgates and in the lamina densa.
It has been suggested, that proteoglycans have affinity for laminin and for the NC1 domain
of type IV collagen and may be involved in the attachment of cells to basement membranes
and in the maintenance and remodelling of basement membranes (8).

1.2.1.4 Additional components

Fibronectin is a widespread glycoprotein, and occurs in the extracellular matrix as well as
in fibrous tissues and in plasma. It is capable of multiple interactions with cell surfaces and
other matrix components (37). Fibronectin may promote extracellular matrix assembly and
cell adhesion to these matrices. Together with laminin, fibronectin plays a major role in
tumor invasion.
Type VII collagen is the largest member of the collagen family. It consists of three identical
a-chains with a 150 kD globular domain at the carboxyl-terminus that is attached to a
helical section of 170 kD (38).
The protein, that is secreted by keratinocytes (39), is now thought to be the major structural
component of the anchoring fibrils which link the basement membrane to the underlying
stroma. Monoclonal antibodies have been raised against type VII collagen (40,41). These
antibodies bind exclusively to the dermal/epidermal junction, to the basement membrane of
epithelia in tissues such as the breast, prostate, amnion and bronchus and stratified
epithelia of the larynx, esophagus, trachea, vagina and ectocervix (40-43). In the epithelial
basement membrane of the major part of the gastrointestinal tract (liver, stomach and
intestine) and in the basement membrane of bloodvessels, muscle and nerve fibers type VII
collagen was not observed (43).
Nidogen, a sulphated glycoprotein, was described in 1983 by Timpl et al (44). It consists of
a single polypeptide chain with a molecular weight of approximately 150 kD and is
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distributed ubiquitously, similar to the distribution of laminin and type IV collagen. It has
been suggested that nidogen mediates the binding of laminin to type IV collagen (8).
By immunoelectronmicroscopy it was shown that the basement membranes may differ in
their content and distribution of laminin and nidogen (45).
A recently described extracellular matrix glycoprotein is tenascin, a 150 - 240 kD molecule,
which appears to play a major role in tissue development. It is distributed in the
mesenchyme surrounding developing epithelia during embryogenesis of various organs
(46). Tenascin was also found in neoplasms, where the molecule is expressed throughout
the stroma, with increasing intensity in relation to an increasing degree of atypia and
malignancy (47, 48, 49).

1.2.2 Infrastructure

Examination of the basement membrane by light microscopy shows a thin, continuous and
apparently homogeneous structure, after routine staining for example by the periodic acid-
Schiff reaction. Ultrastructurally the typical basement membrane appears to be composed
of three distinct layers (50-53). The /am/na cfensa, which is the most prominent layer, is
composed of a network of anastomosing linear fibrils which show a diameter ranging from
1.8-5.3 nm (53-55).
The /am/na /uc/da, situated between the cell membrane and the lamina densa, is electron
lucent and is crossed by fine fibrils from the lamina densa which are in continuity with the
adjacent cell. Extensions of the lamina densa are found in the pars //£>rore?;cu/ar/s, together
with anchoring fibrils and microfibrils. These structures secure an intimate connection
between the basement membrane and connective tissue. Anchoring fibrils, which are found
along the interface between the basement membrane in some epithelia and the adjacent
stroma, connect the lamina densa with anchoring plaques, which are electron-dense
islands in the stroma. Type VII collagen is a major structural component of these anchoring
fibrils.

At sites where fusion of two basement membranes has occurred, as in the renal
glomerulus, a lamina lucida is present on both sides of the lamina densa.

1.2.3 Basement membrane heterogeneity

In view of the diverse functions of the cell types, that are surrounded by a basement
membrane, and the contribution of this structure to many of these specialized functions
(56), it is conceivable, that the biochemical composition of the basement membrane differs
from organ to organ and that disease might influence this composition as well.
Ultrastructural and immunohistochemical studies using monoclonal antibodies has indeed
shown considerable heterogeneity and organ specificity during embryonal development,
between different anatomical sites, and according to physiological functions (3, 57-59). In
several pathological conditions including diabetes and glomerular disease, morphological
and biochemical changes have been described. In neoplasia, basement membranes are
found that are morphologically and biochemically indistinguishable from the tissues of
origin; however, in invasive tumors, a variety of structural alterations have been described
(60,61)

1.3 TUMOR INVASION AND THE EXTRACELLULAR MATRIX

When tumor cells acquire the capacity of invasive growth, a complex sequence of events is
involved. Although features morphologically characteristic for invasion may not be observed
at an early stage, the expression of a variety of proteases, involved in degradation of the
extracellular matrix, may be encountered (table 1).
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TABLE 1 -Tumor cell proteases associated with invasion (62)

1

2

3

4

5

6

PROTEASE

interstitial collagenase

basement membrane collage-
nase

plasminogen activator

cathepsin B, cysteine protease

heparanase

hyaluronidase

SUBSTRATE

collagens type I, II and III

type IV collagen

plasminogen to plasmin; plasmin degrades non-collagenous
matrix

glycoproteins, activates proenzymes, procollagen peptides

proteoglycans

hyaluronic acid

In addition, it was recently found, that cell-surface molecules, collectively known as cell
adhesion molecules (CAM'S) also play a role in behaviour of neoplastic cells. The group of
CAM's, that normally regulate physiological processes such as growth, differentiation and
organization of cells in tissues by cell to cell and cell to matrix interactions, contains four
families of molecules, which differ in molecular structure (63).
Future research in this field of cell-surface molecules and matrix degrading molecules might
result in the development of sensitive parameters for the immunohistochemical determina-
tion of the earliest stages of invasive growth. Although this field is rapidly developing, it will
not be discussed further here.

1.3.1 Morphological appearance of the basement membrane in invasion

In carcinoma in situ, ultrastructural studies have disclosed focal defects in the continuity of
the basement membrane. These defects may reflect the earliest stages of progression to
invasive carcinoma that can be visualized presently (64, 65). In non-invasive benign tumors
the basement membrane is nearly always intact. In frankly invasive lesions, however,
abnormal patterns, including absence of or discontinuities in the basement membrane are
invariably encountered.

1.3.2 Biochemical interactions

In tumor invasion, the initial event is degradation of the basement membrane, followed by
active migration of the tumor cells through the basement membrane into the adjacent
tissue. In an attempt to explain this sequence of events, Liotta et al (13) proposed a three-
step hypothesis for tumor invasion. In this concept the first step is tumor cell atfacnmenr to
the basement membrane via cell surface receptors that specifically bind to components of
the basement membrane. The second step is proteolysis, moa7/7ca//on o/ ex/race//t//ar
mafnx components by proteolytic enzymes secreted by tumorcells, or by host cells under
the influence of tumor cells. The third step is tumor cell /ocomof/on, which is directed by
the modified matrix.

1.3.2.1 Attachment

Recent data suggest that in the process of tumor cell invasion and metastasis complex
interactions between tumor cells and extracellular matrix play an important role. These
interactions are mediated by a group of cell surface receptors, which under physiological
conditions influence many processes such as cellular growth and differentiation,
intercellular junction formation and cell polarity and are involved in wound healing, the
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inflammatory response and also in the host reaction to neoplasia (66-72). Four families of
cell surface molecules or cell adhesion molecules (CAM'S) have been identified:
1- The group of integrins. This family of about 10 different types of adhesion molecules is
composed of two subfamilies (alpha and beta), which form heterodimers.
2- A large family of molecules that structurally resemble immunoglobulins. Only a few
molecules of this family are CAM's.
3- A group of calcium dependent membrane glycoproteins called Cadherins, and
4- A more recently identified family of lectin-like giycoproteins.

During the past years much research has been devoted to the structure and function of
integrins and these efforts have made them among the best understood in the family of cell
adhesion molecules (66, 67).
Because of their mediating role in cell-extracellular matrix interactions as well as cell-cell
adhesion, it is likely that integrins are involved in each of the three steps of invasion:
attachment of the tumor cell (by integrin receptors for the basement membrane compo-
nents laminin and type IV collagen), proteolytic degradation of the basement membrane
(through modulation of the expression of proteolytic enzymes) and, finally, migration into
the underlying stroma through adhesion to interstitial collagens (type I and III).

1.3.2.2 Modification of the extracellular matrix

Following attachment, the tumor cell secretes enzymes which can locally degrade the
extracellular matrix. In addition, the tumor cell may be capable to stimulate host cells to
produce proteolytic enzymes. The release of these proteolytic enzymes may be mediated
by cell-extracellular matrix interactions: binding extracellular matrix ligands to their integrin
receptors may result in synthesis and release of proteases, which are involved in basement
membrane degradation.
The target substrates are the matriceal components and the result is local degradation of
the extracellular matrix with hydratation and expansion of the viscoelastic ground subs-
tance. In this way an environment is created, that is conducive for invading tumor cells.
Several proteases, involved in this process have already been identified (table 1).
Local degradation of the basement membrane, through lysis of type IV collagen occurs
through specific collagenases and other proteases such as elastase, plasmin and cathep-
sins.
Non-collagenous macromolecules of the extracellular matrix such as glycoproteins and
proteoglycans are degraded by glycosidases, which cleave the glycosaminoglycan side-
chains.
The plasminogen activator/plasmin system also plays a role in modification of the extracel-
lular matrix. Two types of plasminogen activator (PA) have been identified in neoplastic
tissue: a urokinase-like PA, which is secreted by most carcinomas, and a tissue activator
type PA (62,71). The tissue activator type PA plays a major role in thrombolysis; as such it
may participate in fibrin degradation at the primary tumor site and contribute to tumor cell
release.
In addition, plasmin may be involved in the activation of type IV collagenase (73) and
furthermore it can degrade both laminin and fibronectin (74, 75).

1.3.2.3 Locomotion

The third step in the process of invasion is tumor cell motility, which follows attachment and
local proteolysis of the extracellular matrix. Cell motility is an essential step for tumor cells
to reach neighbouring compartments such as the adjacent stroma, vascular walls and
distant organs and probably involves chemotactic mechanisms.
It has been suggested, that an autocrine motility factor is secreted by the tumor cell and
recognizes a tumor cell surface receptor (76). This results in stimulation of cell movement,
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a major function in this phase of invasion. For active movement of the tumor cells through
the enzymatically altered extracellular matrix, attachment to extracellular matrix elements is
mediated by receptors, including those of the integrin family.

1.4 PATTERNS OF BASEMENT MEMBRANE STAINING IN BENIGN AND MALIG-
NANT TUMORS AND IN TUMORS OF BORDERLINE MALIGNANCY

Normal tissue patterns

In general, the tissues of every organ of the body contain continuous and regular basement
membranes, as has already been outlined. The epithelia of the skin, the endocrine system
and the respiratory, genitourinary and gastrointestinal tracts are separated from the
adjacent stroma by a basement membrane. The central nervous system, in contrast,
contains only vascular basement membranes, whereas Schwann cells of the peripheral
nervous system are enveloped by basement membranes. Mesenchymal cells such as
adipocytes, cardiac, skeletal and smooth muscle cells also are surrounded by a basement
membrane. However, fibroblasts, histiocytes, blood cells and, exceptionally, epithelial cells
such as hepatocytes lack a basement membrane. Myofibroblasts are surrounded by
patches of basement membrane components (5).

Basement membranes in benign tumors

Although most investigations have focused mainly on basement membrane characteristics
in connection with tumor invasion and metastasis, several studies have reported patterns of
basement membrane staining in benign tumors, a summary of which is given in Table 2.
In general terms, the results of these studies reconfirm the continuity of basement
membranes in benign, reactive proliferations and in benign tumors. However, basement
membrane interruptions have been found in benign lesions (85, 102, 108), but these
interruptions were mostly related to an adjacent inflammatory infiltrate. As inflammatory
cells are known to secrete collagenase, it can be assumed that these are responsible for
the local breakdown of the basement membrane (104).
Some benign tumors may be very difficult to distinguish from malignant tumors because of
their morphological similarity. An example, familiar to every diagnostic pathologist, is
sclerosing adenosis of the female breast, which can be very difficult to distinguish from
tubular carcinoma. Basement membrane immunohistochemistry may facilitate a solution of
this diagnostic problem, because in sclerosing adenosis the basement membranes are
intact and continuous, but in the tubular carcinoma they are typically interrupted or even
completely absent.
In addition, basement membrane immunohistochemistry may assist in discriminating
between inflammatory lesions and malignant tumors. An example is chronic pancreatitis,
which leads to abundant fibrous tissue, surrounding irregular ducts. This can be difficult to
distinguish from pancreatic carcinoma. Also in the pancreas the inflammatory lesion shows
intact epithelial basement membranes, whereas in carcinoma these may be interrupted or
even absent (84, 105, 106).

15



TABLE 2. Basement membrane patterns in preneoplastic human lesions and benign neoplasms.

Organ

Skin

Breast

respiratory tract

Digestive tract

Endocrine system

Genitourinary system

Nervous system

Soft tissue

Type of neoplasm

benign adnexal tumors
actinic keratosis
nevocellular nevi
melanoma juvenile

fibroadenoma
fibrocystic disease
sclerosing adenosis

hyperplasia

pleomorphic adenoma
benign odontogenic tumor
Whartin's tumor
hyperplastic polyps
hamartomas
carcinoids, benign variant
adenomas

thyroid: adenomas
adrenal: pheochromocytoma

endometrium: hyperplasia
ovary: cystadenoma

: fibroma
: thecoma

ependymoma
choroid plexus papilloma
meningeoma
neurilemmoma

leiomyoma, hemangiorna, lipoma
fibrous tissue tumors

Basement membrane morphology

continuous, thickened, multilarnellar
continuous
continuous
almost continuous

continuous to thickening and splitting
idem
continuous

continuous

variable
continuous
idem
idem
idem
idem
idem

continuous
regular and continuous

continuous
continuous
absent
scanty

continuous
continuous
variable
continuous

abundant
absent

Re*.

77
78-81
81
81

82,83
83,84
83

85

86,87
88,89
87
90
90
90
90

91-94
10

95,96,97
98
98
98

99
99
99
100

101,102
101,102

Basement membranes in malignant tumors

One of the major hallmarks of malignant neoplasia is the occurrence of invasive growth.
Invasive growth of malignant tumors would conceivably be reflected in irregular or absent
basement membranes. The immunohistochemically stained basement membrane patterns
in malignancy have been the subject of many investigations during the last decade. The
results of these studies are briefly summarized in Table 3.
As could be expected, most of the studied malignant neoplasms showed defective
basement membranes. However, the ability of tumors to deposit new basement mem-
branes appeared to vary and as such could be related with the degree of differentiation of
the tumor cells. Poorly differentiated tumors may deposit little or no basement membrane
material, while highly differentiated carcinomas may show extensive deposition of often
regular basement membranes. The correlation between basement membrane deposition
and tumor cell differentiation has been described in carcinomas of the stomach, colon,
pancreas, endometrium, prostate, uterine cervix and in neuroendocrine carcinoma.
Examples of a tumor in which abundant basement membrane material is deposited are
malignant melanoma, thyroid carcinoma and adrenal carcinoma. However, the presence of
extensive and continuous deposits of basement membrane material in these malignant
tumors is not in contradiction with their invasive nature.
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TABLE 3: Basement membrane patterns in malignant neoplasms.

Organ

Skin

Breast

Respiratory tract

Digestive tract

Endocrine system

Genitourinary
system

Nervous system

Soft tissue

Type of neoplasm

squamous cell carcinoma
basal cell epithelioma,
melanoma, lentigo maligna
melanoma, superficial spreading
melanoma, nodular

malignant adnexal tumors
cyiindroma

lobular and ductal carcinoma

-larynx: invasive carcinoma

•bronchus: squamous cell carcinoma
adenocarcinoma

-salivary glands: adenoid cystic carcinoma
mucoepidermoid tumor

•oral/oesophagus:
squamous cell carcinoma
odontoma

ameloblastoma

-stomach: adenocarcinoma
neuroendocrine carcinoma

-colon: adenocarcinoma
-pancreas: adenocarcinoma
•hepatobiliary: sclerosing cholangiocarcinoma
hepatocellular carcinoma

•thyroid: follicular carcinoma
papillary carcinoma

medullary carcinoma

-bladder: grade 1 papillary carcinoma
grade II and III papillary carcinoma

-prostate: adenocarcinoma
-cervix: squamous carcinoma

-endometrium: adenocarcinoma

-ovary: carcinosarcoma and mixed Mulierian tumor

glioma-sarcoma
malignant Schwannoma

synoviosarcoma

hemangiosarcoma

malignant hemangiopericytoma
liposarcoma

rhabdo-, leiomyosarcoma

Basement membrane
morphology

continuous to almost total absence
continuous to irregular

intact
discontinuous
discontinuous
discontinuous to irregular patterns
extensive deposition

discontinuous to absent

discontinuous
discontinuous

discontinuous

extensive, continuous
discontinuous

discontinuous
regular, continuous
focal discontinuities

discontinuous to absence
variable
discontinuous to total absence

continuous to almost absence

continuous to almost absence
fragmented deposition

continuous to almost absence
discontinuities
scattered deposits

continuous to interruptions
discontinuities to absence

almost continuous to absence
almost continuous to absence
almost continuous to absence

discontinuous in epithelial areas and

scattered in non-epithelial areas

scattered

discontinuous to absent

almost continuous around epithelial
compartment
vascular pattern

pericellular pattern

variable

variable

Ref.

107-110
110-113

81,113
81,113
81,113-116
117
116-119

43,61,83,
118-122

85,122-125
125-129

129

116-119
77,87

132
88,89

89
12
12
134-138

84,105
84,106

138,139

10
10,94.120

10

140-144
43,141-144

144,145
146-149

43,149-150

98

99
99,101,102

84,101,120

101
101
101
101,151
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The propensity of these tumors to synthesize and deposit basement membranes might
reflect their biological potential and, as such, may contain prognostic information. Studies
concerning this possibility in carcinomas of the lung, colon and bladder have indeed shown
a positive correlation between extensive deposition of basement membranes by the tumor
and a more favourable course of the disease (128,134,135,140).
Also in soft tissue tumors basement membrane immunohistochemistry may yield important
information. Certain sarcomas may be diagnosed more readily, owing to the ability of the
tumor cells to deposit basement membrane material. For instance, leiomyosarcomas are
composed of cells that are individually enveloped by a basement membrane. Fibrosarcoma
cells, however, do not deposit basement membrane material. In this way, basement
membrane immunohistochemistry can be a valuable tool in distinguishing these categories
of spindle cell tumors.

Basement membranes in tumors of borderline malignancy

Unlike the situation in benign or malignant tumors, basement membrane immunohistoche-
mistry has not been extensively explored in tumors of borderline malignancy. As summar-
ized in Table 4, studies have been largely restricted to epithelial dysplasia and in situ
carcinoma in the uterine cervix and also to adenomas in the colorectum. Series of lesions
usually contained borderline tumors with intact basement membranes in addition to tumors
with focally interrupted basement membranes.

Table 4: Basement membrane patterns in premalignant lesions and tumors of borderline malignancy.

Organ

Skin

Breast

Respiratory tract

Digestive tract

Endocrine system

Genitourinary
system

Type of neoplasm

Bowen's disease
actinic keratosis

intraduct and intralobular
carcinoma

-larynx: hyperplasia
dysplasia

-colon: adenoma with dysplasia

carcinoid, islet cell tumor

-prostate: severe dysplasia
-endometrium: adenomatous
hyperplasia
-cervix: dysplasia
carcinoma in situ

Basement membrane
morphology

continuous
continuous

continuous

continuous
continuous

local interruptions

continuous

discontinuous
intact or disruptions

intact
intact or focal disruptions

Ret.

77,78,107
77-80

82

85,79,123
79,84

152,153

10,152

10,144
96

95,145,147
95,145,147

1.5 AIM OF THE STUDY

In the last decade many new facts were unveiled regarding the physiological and
biochemical properties of the extracellular matrix including
the basement membrane. The literature reviewed in the previous paragraphs has
highlighted current opinions regarding the biochemical aspects of the tumor cell-
extracellular matrix interaction. Isolation and purification of basement membrane
components and the production of
polyclonal and monoclonal antibodies directed against these components, in particular
against laminin, type IV collagen and type VII collagen, has allowed visualization of the
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basement membrane in normal and pathological conditions. Especially in the field of
neoplastic disease the use of immunohistochemistry with antibodies directed against
basement membrane components has resulted in a large number of publications that have
expanded our knowledge of the basement membrane structure in normal tissues and in
neoplasia, in particular in invading malignant tumors. Relatively few investigations have
focused on basement membrane immunohistochemistry in preneoplastic lesions and
tumors of borderline malignancy.
Therefore we initiated a series of studies to investigate the characteristics of the basement
membrane immunohistochemically in the transition from benign to malignant. In these
studies antibodies were used against basement membrane proteins laminin, type IV
collagen and type VII collagen.
The following questions were addressed:
1-Are basement membrane patterns in epithelial dysplasia of varying grades of severity,
different from those in in situ carcinoma? Can in situ carcinomas be subdivided according
to their basement membrane status (continuous or discontinuous)?
2-Do basement membrane patterns in tumors, that are classified as of borderline
malignancy, allow a distinction between benign (continuous) and incipiently malignant
(discontinuous)?
3-Does type VII collagen play a role in the transition from benign to malignant neoplasia?

In chapter 2 the basement membrane patterns in laryngeal carcinoma in situ, dysplasia
and hyperplasia are described using immunohistochemistry and applying antibodies
directed against type IV collagen and laminin.
In chapter 3 basement membrane patterns in a series of borderline tumors of the ovary
are reported in comparison with patterns in benign cystadenomas of the ovary and
cystadenocarcinomas.
Another example of a class of tumor that stands on the borderline between benign and
malignant is the renal cortical (tubular) adenoma. Some authors rely mainly on the diameter
of the tumor to determine the nature of the neoplasm.
In chapter 4 we report on the results of a study to determine the nature of renal cortical
epithelial tumors with a diameter ranging from millimetres to centimetres, with emphasis on
patterns of the basement membrane staining using antibodies against type IV collagen and
laminin. The aim of this study was to find criteria for benign and malignant renal cell
tumors, based on basement membrane characteristics.
In chapter 5 we report on the results of a study regarding the patterns of type IV collagen
and type VII collagen staining in squamous cell carcinoma of the upper aerodigestive tract,
with emphasis on the relation of these patterns with tumor differentiation.
In chapters 6 and 7 studies are described concerning basement membrane patterns in the
normal mucosa of the colon and endometrium and in preneoplastic lesions such as
adenomas and hyperplasia. Especially the presence and distribution of type VII collagen
was addressed, as this protein has been mainly associated with anchoring fibrils, which do
not normally occur in these epithelia.
Finally, in chapter 8, the results of these studies are discussed in more general terms.
Some remarks are made regarding applicability of basement membrane
immunohistochemistry in diagnostic histopathology.
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IMMUNOCYTOCHEMICAL DETECTION OF BASEMENT
MEMBRANE ANTIGENS IN THE HISTOPATHOLOGICAL
EVALUATION OF LARYNGEAL DYSPLASIA AND
NEOPLASIA
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2.1 INTRODUCTION

In the histopathological assessment of epithelial laryngeal neoplasia it is of paramount
importance to distinguish between severe dysplasia or carcinoma in situ and microinvasive
carcinoma, because the optimal therapeutic approach is significantly different. The
diagnosis depends on the presence or absence of invasion of neoplastic epithelial cells into
the adjacent mesenchymal stroma. In borderline situations it is, however, often difficult to
establish infiltrative expansion of epithelial tumor cells into the adjacent stroma without the
help of special staining procedures.
Conventional methods to overcome this problem are reticulin and PAS stains for basement
membrane identification, and serial sections. Even when these techniques are applied,
histopathologists are confronted from time to time with laryngeal biopsies, showing severe
epithelial dysplasia with irregular budding of epithelial cells, in which microinvasive growth
is difficult to establish or exclude.
The laryngeal basement membrane, as elsewhere in the body, is composed of intrinsic
components, including type IV collagen and laminin and extrinsic components such as type
V collagen and fibronectin (1). The intrinsic components are produced by the adjacent
epithelial cells. Immunohistochemical procedures using antibodies specific for laminin and
type IV collagen allow selective staining of the basement membrane and therefore
evaluation of its composition and continuity (2). Against this background we studied the
epithelial basement membrane in a series of laryngeal biopsies with epithelial dysplasia of
varying severity, and neoplasia. The results indicate that basement membranes, in the
absence of inflammation, form a continuous structure at the epithelial-stromal interface in
normal and hyperplastic mucosa, but are progressively disrupted in some cases of
carcinoma in situ and in all cases of invasive carcinoma. This phenomenon may be poten-
tially useful for the histopathological diagnosis of laryngeal neoplasms.

2.2 MATERIALS AND METHODS

2.2.1 Case material

From the files of the Department of Pathology of the University Hospital (Maastricht) and
the Netherlands Cancer Institute (Amsterdam) we collected 27 laryngeal biopsies with
simple hyperplasia, dysplasia, carcinoma in situ and invasive carcinoma. All tissues had
been fixed in 4% neutral buffered formaldehyde and were paraffin embedded. On
haematoxylin and eosin stained sections the lesions were classified independently by two
pathologists according to the criteria outlined in Table 1.

Table 1. Histopathological criteria for classification

Simple hyperplasia Epithelial hyperplasia
Hyper- and parakeratosis
Increased mitotic activity in the basal cell layer
No cytonuclear atypia

Dysplasia acanthosis
Hyper- and parakeratosis
Moderate cellular and nuclear atypia
Dyskeratosis
Increased number ol mitoses

Carcinoma in situ Severe cellular atypia
Marked nuclear hyperchromasia and pleomorphism
Numerous mitoses in all cell layers
Absence of infiltrating growth
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Based on these criteria the cases were diagnosed as hyperplasia (n=8), dysplasia (n=7),
carcinoma in situ (n=8) and invasive carcinoma (n=4). In addition, three lymph nodes with
metastases of squamous cell carcinoma of the larynx were studied.
Serial 4 (im sections were cut and stained according to the periodic-acid-Schiff method
(PAS) and the Jones method for reticulin.

2.2.2 Immunohistochemistry

Immunocytochemical detection of type IV collagen and laminin in 17 biopsies with
hyperplasia, dysplasia, carcinoma in situ and invasive carcinoma and type IV collagen in 11
biopsies with hyperplasia and dysplasia was performed using an indirect peroxidase
labeled antibody method. A rabbit anti-rat laminin antiserum was obtained from Dr. A.
Martinez-Hernandez (Hahnemann Medical School, Philadelphia). This antiserum was raised
against laminin isolated from the rat EHS sarcoma. The specificity of this antiserum has
been described previously (3). In addition, we excluded cross reactivity with type I, III and V
collagens, by solid phase enzyme immunoassay performed as described previously (4).
Human type IV collagen was isolated from placenta using the method described by Sage,
Wordberg & Bronstein (5). Purity of this preparation was monitored by sodium dodecyl
sulphate polyacrylamide gel electrophoresis (SDS-PAGE). Antibodies were induced in
rabbits by multiple intradermal injections with the antigen, emulsified with Freund's
complete adjuvant. The titre of the antiserum was monitored by solid phase enzyme
immunoassay. Antiserum specificity was analyzed by SDS-PAGE and immunoblotting
according to Towbin, Staehelin & Gordin (6). As second antibody a peroxidase labeled goat
anti-rabbit antiserum was used (Miles. Yeda lot no. 456).
Immunocytochemistry was performed on rehydrated paraffin sections. Before incubation,
the sections were exposed to pepsin as described by Barsky et al. (2).
The incubations (60 min at room temperature) were done with antiserum appropriately
diluted in phosphate buffered saline (PBS) with 1% bovine serum albumin. After incubation
with primary antiserum and conjugate the sections were repeatedly washed in PBS.
Peroxidase activity was visualized using diaminobenzidine. Specificity of the obtained
immune reaction was controlled by staining of parallel sections with preimmune serum or
with immune serum preincubated with the appropriate antigen. In these control sections
immunoreactivity was not detected.

2.3 RESULTS

The results of the histological classification and basement membrane immunocytochemistry
are summarized in Table 2. Unlike routine stains, sections processed with the immunoper-
oxidase method showed clearly detectable basement membranes using laminin and type IV
collagen antisera. Basement membranes were prominently stained at the junction between
epithelium and stroma, and around blood vessels and muscle fibres (Figure 1). In all cases
immunoreactivity for type IV collagen and laminin showed an identical pattern, although
usually laminin staining was less intense. As expected, the epithelial basement membrane
staining was continuous in cases of hyperplasia and dysplasia (Figure 2). In one case of
hyperplasia with severe inflammation the basement membrane showed several small, well
defined interruptions strictly confined to areas of epithelial invasion by inflammatory cells
(Figure 3).
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Table 2. Histological and immunocytochemical results

No Histological diagnosis Inflammation* BM*

1 Hyperplasia
2 Hyperplasia
3 Hyperplasia
4 Hyperplasia
5 Hyperplasia
6 Hyperplasia
7 Hyperplasia
8 Hyperplasia
9 Dysplasia
10 Dysplasia
11 Dysplasia
12 Dysplasia
13 Dysplasia
14 Dysplasia
15 Dysplasia
16 Carcinoma in situ
17 Carcinoma in situ
18 Carcinoma in situ
19 Carcinoma in situ
20 Carcinoma in situ
21 Carcinoma in situ
22 Carcinoma in situ
23 Carcinoma in situ
24 Invasive carcinoma
25 Invasive carcinoma
26 Invasive carcinoma
27 Invasive carcinoma

ulceration
ulceration

intact
intact
intact
intact
intact
intact
intact
Fl"
intact
intact
intact
intact
Fl"
interrupted*
interrupted'
intact
intact
intact
Fl
Fl
intact
Fl
Fl
interrupted
interrupted
interrupted
interrupted

Fl= focal interruptions;
* = density of inflammatory infiltrate:

- = no infammatory infiltrate;
+ = moderately dense;
++ = dense, almost invariably accompanied by intraepithelial inflammatory cells;

* in all cases type IV collagen and laminin showed identical staining patterns;
" basement membrane interruptions were strictly limited to sites of inflammatory disruption of the epithelium.

In all cases of invasive carcinoma, classified by conventional methods, the basement
membrane showed extensive and irregular discontinuities as reflected by absence of
laminin and type IV collagen staining. Nests of tumour cells were often completely or
partially devoid of surrounding basement membrane (Figure 4). A remarkable observation
was the presence of laminin and type IV collagen in the cytoplasm of some neoplastic
epithelial cells.
Expression of intracytoplasmic type IV collagen and laminin in tumour cells was also
observed in metastatic foci in regional lymph nodes (Figure 5). In addition, in metastases,
incomplete formation of basement membrane was occasionally observed.
The most important findings concerned the cases of carcinoma in situ in which microin-
vasive growth was difficult to prove or exclude on the basis of conventional stains. By
immunocytochemical staining focal discontinuities in basement membranes were detected
in four of these cases. In none of these cases the basement membrane interruptions were
related to an inflammatory reaction.
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2.4 DISCUSSION

In all mucosae, basement membranes occur at the interface between epithelium and
stroma and furthermore around capillaries, muscle fibres and glandular structures.
Basement membranes are not found around lymphatic vessels (2).
As shown by electron microscopy, basement membranes consist of an electron lucid layer
(lamina rara), which is in close proximity to the basal cell surface, and an electron dense
layer (lamina densa). Biochemically, basement membranes are composed of intrinsic and
extrinsic components (1).
Type IV collagen and laminin are intrinsic components, occurring only in basement
membranes and deposited by the adjacent cell. Substances such as fibronectin and type V
collagen occur also in other structures, are not exclusively produced by the adjacent cells,
and are therefore regarded as extrinsic components. In recent years many studies have
demonstrated that basement membrane interruptions are characteristic of infiltrative growth
in carcinoma (7).
The study of basement membranes in laryngeal neoplasia is not entirely new. Schenk (8)
investigated the tumour/stroma relationship in invasive squamous cell carcinomas of the
larynx at the ultrastructural level. He found that basement membranes are produced by
malignant epithelial cells and concluded that penetration of basement membranes by
tumour cells is not conclusive evidence of invasive carcinoma, but may be an indication of
increased catabolic cell surface activity. Another interesting finding in this study was the
inappropriate formation of basement membrane material in spaces created by invagination
of the plasma membrane into the cytoplasm. These observations largely agree with our
results. In our material we noted intact membranes in normal laryngeal mucosa and in
cases of simple epithelial hyperplasia and dysplasia without severe inflammation. In the
cases with severe inflammation there were several rather regular and small interruptions of
basement membranes, related to the site of inflammation and the presence of intraepithelial
inflammatory cells. This pattern of basement membrane disintegration was distinctly dif-
ferent from the more irregular pattern of basement membrane interruptions in obviously
invasive carcinoma.
In four cases of carcinoma in situ, interruptions of the basement membrane were found. In
three of these cases moderately active inflammation was also observed but not in the area
where basement membrane interruptions were detected. This finding can be explained by
assuming that decreased assembly or increased breakdown of basement membranes, or
both, may be early signs of imminent infiltrative growth. Additional studies on larger series
of borderline cases and including long term follow-up data will have to be performed to
establish the biological significance of basement membrane interruptions in morphologically
non-invasive carcinoma in situ. Four cases of carcinoma with extensive invasive growth
showed advanced and irregular interruptions of the basement membrane in areas of
invasion.
Strikingly, also in foci of metastatic cancer in regional lymph nodes we found tumour cells
with inappropriate intracytoplasmic expression of laminin and type IV collagen.
These results agree largely with those of Cam et al. (9), who found weak and irregular
patterns of basement membranes for laminin and type IV collagen immunofluorescence in
undifferentiated carcinomas and in differentiated carcinomas. The immunofluorescence
staining was almost entirely absent at the periphery of the infiltrating tumour trabeculae. On
the other hand, there was well defined linear staining of basement membranes around
nests of well differentiated squamous cell carcinoma.
The mechanisms underlying basement membrane penetration during neoplastic invasive
growth are complex and not completely understood. Basement membrane penetration may
be due to deficient synthesis of basement membrane components or by the inability of the
neoplastic cell to assemble the components into a structured membrane. This latter
mechanism is supported by the intracytoplasmic appearance of laminin and type IV
collagen. An alternative possibility is proteolytic breakdown of basement membranes by the
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invasive neoplastic cells. Evidence in support of this mechanism was provided by Liotta et
al. (7) who demonstrated production of type IV collagen specific collagenases by neoplastic
cells in several types of carcinoma.
In conclusion, we have demonstrated that the epithelial basement membrane shows
characteristic interruptions in some cases of carcinoma in situ and in invasive carcinoma of
the larynx. We therefore postulate that immunocytochemical detection of specific basement
membrane components, laminin and/or type IV collagen, may be a valuable tool for the
determination of early invasive growth.
Additional studies on larger series of laryngeal neoplasms, including long term follow up,
are necessary to establish the practical value of this approach for the histopathological
classification of laryngeal neoplasia.
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LEGENDS TO THE FIGURES

Figure 1 Normal laryngeal epithelium. Basement membrane visualized with anti-type IV collagen. Note the
unstained lymphatic vessels (arrow). x63.

Figure 2 Epithelial dysplasia with an intact basement membrane. Anti-type IV collagen. x63.

Figure 3 Hyperplasia with severe inflammation. Note severe intraepithelial leucocytes and small, well defined
basement membrane interruptions. Anti-type IV collagen. x250.

Figure 4 Invasive squamous cell carcinoma. Tumor nests are almost completely devoid of surrounding basement
membrane (anti-type IV collagen). Note basement membrane around capillaries x250.

Figure 5 Regional lymphnode metastasis of laryngeal squamous cell carcinoma. Several tumor cells show
cytoplasmic immunoreactivity (arrows). Anti-type IV collagen. x400.

Figure 1 Figure 2
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Figure 3

Figure S
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CHAPTER 3

BASEMENT MEMBRANE PATTERNS IN BORDERLINE
TUMORS OF THE OVARY.
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3.1 INTRODUCTION

Basement membrane immunohistochemistry has proven to be a useful tool in the differenti-
ation between benign lesions, in-situ carcinoma and invasive neoplastic disease.
Its importance in diagnostic histopathology has already been evaluated in a variety of
studies (1-5). Few studies so far, however, have been devoted to the detection of base-
ment membrane components in ovarian neoplasms (6,7). This is striking in view of the
existence of a category of tumors of borderline malignancy in this organ, where the study of
basement membranes in connection with invasive growth might be useful.
Tumors of borderline malignancy have a limited potential for progression towards a frankly
malignant lesion and their histological features which include cytonuclear atypia, epithelial
stratification and loss of cell polarity with absence of invasive growth (8,9), do not allow a
reliable prediction of tumor behaviour. The histological distinction between borderline
tumors and benign cystadenomas or malignant cystadenocarcinomas appears to be difficult
because invasive growth cannot always be established unequivocally, especially in
mucinous tumors and because the cytonuclear features of malignancy are insufficiently
discriminative.
We therefore studied the patterns of type IV collagen and laminin immunoreactivity in
epithelial tumors of borderline malignancy in relation to those of overtly benign and
malignant epithelial neoplasms of the ovary. Our working hypothesis was, based upon
basement membrane morphology, that a distinction might be made between lesions with a
continuous and those with a discontinuous basement membrane. Further follow-up studies
might then reveal whether or not a difference in behaviour might exist between these
categories.

3.2 MATERIALS AND METHODS

Case material

From the files of our department and the department of Pathology of the De Wever
Hospital, Heerlen, we collected 20 cases of borderline ovarian lesions of the serous as well
as the mucinous type, 5 cases of mucinous and 5 of serous ovarian cystadenoma, 4 cases
of serous ovarian cystadenocarcinoma and 10 of mucinous cystadenocarcinoma.
All tissue specimens were routinely fixed in 4% buffered formaldehyde and paraffin
embedded. Paraffin sections were stained with haematoxylin and eosin (H&E).

3.2.1. Immunohistochemistry

Immunohistochemistry was carried out using an indirect immunoperoxidase technique.
Paraffin sections (3|am) were deparaffinized, blocked for endogenous peroxidase with 0.3%
hydrogen peroxide in methanol, rehydrated and washed 3x5 minutes with Trizma buffered
saline (TBS). The sections were pretreated with 0.1% pepsin (Boehringer) in 1 N HCI, 30
minutes at room temperature (RT) to enhance immunoreactivity (10). Subsequently the
sections were washed 3x5 minutes with TBS and incubated with polyclonal antibodies
against type IV collagen (diluted 1:250 in TBS with 1% BSA) or laminin (diluted 1:100)
during one hour at RT in a moist chamber. Both antisera were raised in rabbits. The
immunospecificity of these antisera has been reported elsewhere (11,12). After washing
with TBS the sections were incubated with peroxidase labeled rabbit anti-mouse antibodies
(DAKOPATTS) for 1 hour at RT.
Visualization of the antigen-antibody complex was performed with diaminobenzidine as
chromogen. The intensity of the staining reaction was enhanced using imidazole. Immuno-
reactivity was assessed using the basement membrane of vascular structures as internal
positive controls.
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In six cases of the ovarian tumors insufficient immunoreactivity was obtained; these were
excluded from the study. This resulted in 14 tumors with borderline malignancy that were
available for immunohistochemical study. In these tumors of borderline malignancy and in
the other ovarian tumors, the staining intensity of the vascular basement membrane, which
served as internal controls, was sufficient for reliable basement membrane evaluation.

3.3 RESULTS

In general, immunostaining for laminin was somewhat less intense than that for type IV
collagen, but for the two antigens no significant differences in staining pattern were
observed. Also around spindle shaped stromal cells type IV collagen and laminin immuno-
reactivity was noted but in irregular patches.

3.3.1 Cystadenoma

The basement membrane pattern in mucinous and serous cystadenomas was similar. We
observed a continuous and regularly structured basement membrane underlying epithelial
cells that lined cysts and papillary projections (Fig. 1a). In these benign tumors at several
locations we found epithelial budding into the stroma with discrete and regular discontinu-
ities of the basement membrane (Fig.1b).

3.3.2 Cystadenocarcinoma

The basement membrane staining pattern of cystadenocarcinomas differed from that in
cystadenomas. In many areas intact basement membranes were found between tumor
cells and the surrounding stroma. In the H&E stained sections, such areas usually could be
recognized as invasive growth (Fig.2a and 2b). In all tumors areas occurred with fragmen-
tation or complete absence of basement membrane components around clusters of
malignant epithelial cells (Fig.3). Laminin immunoreactivity showed a similar pattern but
could also be demonstrated in the cytoplasm of some tumor cells.

3.3.3. Tumors of borderline malignancy

These lesions predominantly showed a continuous basement membrane at the border
between atypical epithelial cells and the underlying stroma (Fig.4a).
Discrete discontinuities in type IV collagen and laminin staining were found at the tips of
epithelial buds, which occasionally extended from the epithelia covering the cysts into the
surrounding stroma, as also noted in cystadenomas.
In four tumors, however, small areas occurred with extensive and irregular interruptions of
the basement membrane, comparable to the pattern of invasion in
adenocarcinomas(Fig.4b).
Therefore, based upon basement membrane patterns, borderline malignant ovarian tumors
appeared to consist of two distinct subgroups: one with a basement membrane pattern
identical to cystadenoma and a second with a basement membrane pattern resembling that
of cystadenocarcinoma.

3.4. DISCUSSION

Borderline malignancies represent a category of tumors which in microscopic appearance
as well as in clinical outcome appear to be on the borderline between benign and malign-
ant. In theory, borderline tumors might be explained in two different ways. They might
constitute a separate entity with their own characteristics in terms of morphology and
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clinical behaviour. Alternatively, this category may be regarded as to consist of lesions,
which on the basis of histomorphology cannot be classified with regard to their behaviour.
In the latter case, the borderline tumor group should consist of two groups, one with an
essentially benign and an one with an essentially malignant character.
Since one of the essential features of malignancy is invasive growth, we regarded it
worthwhile to study the integrity of the basement membrane. We hypothesized that if
borderline tumors constitute a distinct and uniform entity a uniform basement membrane
pattern would be found. If, however, the borderline group contains essentially benign and
essentially malignant tumors, this would be reflected by differences in basement membrane
patterns.
Although basement membranes in cancer have been studied extensively, relatively few
studies have been devoted to basement membrane qualities in borderline tumors of the
ovary. Frappart et al (7) investigated only three cases of borderline tumors in a series of
epithelial ovarian tumors and found discontinuous immunofluorescence at the basement
membrane region using antibodies directed against laminin. They concluded that these
discontinuities in the basement membrane indicated a beginning of infiltrative growth.
Contrasting with the findings of Frappart et al, we observed regular and continuous
basement membranes in the majority of the borderline tumors in a pattern identical to that
in cystadenomas. Basement membrane interruptions were seen, but in a rather regular and
predictable way, surrounding epithelial buds or small epithelial islands in the stroma. Fox
(8) previously described these invaginations in serous and mucinous tumors of borderline
malignancy and emphasized the difficulties in differentiating these from stromal invasion.
In 4 of our 14 tumors, originally diagnosed as of borderline malignancy, areas with
extensive and irregular interruptions of the basement membrane were found. As this
pattern was similar to that in invasive areas in cystadenocarcinoma, we are tempted to con-
rlliHo that thoco four bordorlino himgro i/uiilaii 10J fuof uf Invasive yiUWlll add merefOre

should be regarded as adenocarcinoma.
On the basis of these findings we propose that borderline ovarian tumors are not a distinct
entity but consist of a group of intrinsically benign and a group of intrinsically malignant
tumors.
Further immunohistochemical studies on larger patient series and including follow up data
are necessary to assess the clinical validity of this assumption.
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LEGENDS TO THE FIGURES

Figure 1a. Serous cystadenoma with intact basement membrane, immunoreactive for type IV collagen (125x).
Figure 1b. Mutinous cystadenoma with focal absence of the basement membrane around epithelial budding
(arrow). Type IV collagen, immunoperoxidase (250x).

Figure 2. Cystadenocarcinoma. Two consecutive sections, H&E (a) and immunostained for type IV collagen (b).
The H&E stained section suggests tumor invasion, whereas the type IV collagen immunostaining (b) shows an
intact basement membrane between tumor and stroma (63x).

Figure 3. Cystadenocarcinoma. Periphery of the tumor. Irregular, fragmented basement membrane material at the
interface between tumor and stroma. Type IV collagen immunoperoxidase (250x).

Figure 4. Borderline malignant ovarian tumors, a: Epithelium lined with a continuous basement membrane (type
IV collagen immunoperoxidase, 63x). b: Atypical epithelia only focally lined with a basement membrane (arrows;
type IV collagen, 63x).
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CHAPTER 4

BASEMENT MEMBRANE IMMUNOHISTOCHEMISTRY IN
RENAL CELL CARCINOMA

A study of basement membrane patterns in small renal
cell tumors using antibodies against type IV collagen
and laminin.

R. Visser, J.W, Arends, FT. Bosman
J Urol Pathology 1993 (in press)
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4.1 INTRODUCTION

Renal cell carcinomas are tumors of varying histological appearance and clinical behaviour.
In many studies various morphologic parameters have been correlated with biological
properties of these tumors. Tumor stage appeared to be adversely related with prognosis
(1,2) and with regard to nuclear grade it appeared that high grade tumors are generally
associated with shorter disease-free interval (2,3,4). Furthermore the tumor type is relevant:
papillary and spindle cell tumors show a less favourable prognosis than tumors with a solid
pattern (2).
Of small renal cortical adenomas the biological behaviour is still a matter of debate. Based
on the low metastatic propensity of tumors measuring less than 3 cm in diameter, Bell (5)
classified these tumors as adenomas. Larger tumors, which more frequently develop
subsequent metastasis, were classified as adenocarcinoma. It is generally recognized that
histological characteristics can not distinguish between adenoma and adenocarcinoma of
the kidney.
Because metastasis is preceded by invasive growth, it is not unlikely that the varying
metastatic capacity of small renal cell tumors might be correlated with the presence or
absence of invasive growth. Immunohistochemical staining of basement membrane
antigens has been advocated as a tool in the study of invasive growth.
Although interruptions in the basement membrane are not always caused by invasively
growing neoplastic cells (6,7,8), and, on the other hand, invading cells may be surrounded
by basement membranes (9), immunohistochemical visualization of the basement mem-
brane might be indicative of invasive growth and thus might constitute a useful parameter
to distinguish between non-invasive (with intact basement membranes) and invasive renal
cortical tumors (with interrupted basement membranes). To investigate this possibility we
executed an immunohistochemical study with antibodies directed against the basement
membrane proteins laminin and type IV collagen.
The significance of basement membrane staining patterns in predicting the behaviour of
small renal cortical neoplasms can only be established in case material with follow-up
information, which was not at our disposal, partly due to the fact that small renal cortical
neoplasms are usually encountered in autopsy specimens and rarely in nephrectomy
specimens.
Therefore we compared basement membrane expression patterns with tumor size and with
nuclear grade, which both have been shown prognostically valuable.

4.2 MATERIALS & METHODS

4.2.1 Tissue

Renal cell tumors (n=41), diagnosed as renal cell carcinoma or renal cortical adenoma and
with a maximal diameter of 60 mm, were selected from our own files and from those of the
dept of Pathology, Erasmus University, Rotterdam (courtesy of dr FWJ ten Kate) and
classified into 5 groups, according to the tumor diameter: < 10 mm (n=12); 11 - 20 mm
(n=7), 21 - 30 mm (n=15), 31 - 40 mm (n=4), and > 40 mm (n=3).
Thirty of these tumors were encountered in nephrectomy specimens and were classified as
renal cell carcinoma. Eleven tumors (measuring less than 10 mm in diameter), were
obtained at autopsy, which precluded clinico-pathological correlation in these cases.
Tissue blocks were routinely fixed in 4% buffered formaldehyde and paraffin embedded.
For orientation and for diagnostic purposes 3|i sections were stained with haematoxylin and
eosin (H&E).
Histological classification was performed according to the criteria of the World Health
Organization (10) and nuclear grading according to the protocol of Fuhrman (3).
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4.2.2. Immunohistochemistry

For immunohistochemical evaluation of every tumor one section from the tumor periphery
and one section from the centre of the tumor was selected. These were immunostained for
laminin and type IV collagen.
Polyclonal antibodies against mouse type IV collagen and laminin were raised in rabbits
and affinity purified as described earlier (11,12). Paraffin sections (3u) of these tumors were
deparaffinized and blocked for endogenous peroxidase with 0,6% hydrogen peroxide in
methanol during 15 minutes and washed 3 x 5 minutes in demineralized water.
Tissue sections were treated with 0.1% pepsin (Sigma) in 0.1 N HCI at room temperature
during 30 minutes to unmask immunoreactivity for the two basement membrane compo-
nents (13). After rinsing (3x 5 min) in demineralized water the sections were preincubated
with normal swine serum and subsequently exposed to polyclonai anti-type IV collagen
(1:250 diluted in Trizma buffered saline (TBS) with 0.1% BSA) or anti-laminin antibodies
(1:100 diluted in TBS with 0.1% BSA). After washing and incubation with a horseradish
peroxidase conjugated swine anti-rabbit antibody (DAKO PATTS) (45 minutes, room temp)
the slides were washed again in TBS before a diaminobenzidine reaction was executed.
Imidazole was added to the substrate solution in order to enhance the staining intensity.
Finally, tissue sections were counterstained with Mayer's haematoxylin for 1 minute.
Basement membrane patterns were scored in the centre of the tumor and at the periphery
using a semiquantitative scoring scale. When basement membrane interruptions were not
observed this was scored as "intact" (+) when interruptions were seen or the basement
membrane appeared to be absent, this was classified as "not intact" (-).

4.2.3 Statistics

To compare the observed frequencies with the frequencies expected in case of a homo-
geneous distribution, the Chi-squared test (two-sided), corrected according Yates was used
(14).

4.3 RESULTS

4.3.1 Histological findings

According to the criteria of the WHO, 29 of the renal tumors were predominantly of the
clear cell type, while 11 tumors appeared to be composed of a combination of clear cells
and granular cells. One tumor was composed of oncocytic cells. Spindle cell tumors were
not present in our series. The tumors showed a variety of glandular patterns with solid,
tubular, acinar, papillary and cystic formations, or combinations of these patterns. The
tumors were graded according to the criteria of Fuhrman (3). Each tumor was graded by
the highest nuclear grade, even when the higher grade occurred only focally. In our series
9 tumors had grade 1,15 tumors grade 2 and 17 tumors grade 3. When the tumor grade
was compared with tumor size, grade 1 tumors occurred significantly more often in the
group of tumors with a diameter of less than 10 mm than in the larger tumors. However,
grades 2 and 3 were found in all tumor sizes (Table 1).

4.3.2 Immunohistochemical patterns in renal tumors

For assessment of basement membrane immunoreactivity in the tumors, neighbouring
tubules and vascular structures served as a positive control. In general, staining intensity
for laminin and type IV collagen was sufficient for scoring purposes, although a few
specimens displayed weak laminin immunoreactivity; these were not included in this series.
Post mortem specimens showed excellent immunoreactivity.
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Immunoreactivity of basement membrane components at the periphery of the tumor could
be determined in 38 cases and in the central parts of the tumor in 36 cases. Tumors
measuring less than 10 mm in diameter significantly more often showed intact central and
peripheral basement membranes than larger tumors (Tables 2 and 3, fig. 1 and 2). Two
tumors showed focal basement membrane absence in the periphery and 1 showed this
phenomenon in the centre of the tumor. A more heterogeneous pattern was found in
tumors with a diameter of more than 10 mm. The majority of these tumors displayed limited
basement membrane expression in the tumor centre as well as in the periphery (fig. 3 and
4). Only 3 tumors showed intact basement membranes in the periphery (fig. 5) and only 5
tumors showed intact basement membranes in the tumor centre (fig. 6). One tumor did not
show any peripheral basement membrane immunoreactivity. All but one of the tumors with
a diameter exceeding 30 mm showed focal absences of the basement membrane both in
the tumor centre and periphery and were classified as "not intact". Only one of these larger
tumors contained intact basement membranes in the centre.
When the basement membrane patterns of the tumors were compared with the nuclear
grade according to the criteria of Fuhrman, a significant correlation was found between
nuclear grade and basement membrane patterns in the centre and at the periphery of the
tumor (Tables 4 and 5).

4.4 DISCUSSION

The most frequent neoplasm of the kidney in adults is renal cell adenocarcinoma. These
tumors, which supposedly originate from tubular epithelium (15,16) have attracted attention
because of their variable biological behaviour. Tumor behaviour can, to a certain extent, be
predicted by the stage of the tumor, the tumor grade and by the histological subtype. For
example, the sarcomatoid variant carries a poor prognosis (17).
Bell (5) introduced a classification based on the size of the tumor. Tumors less than 3
centimeters in diameter appeared to metastasize rarely and most, but not all, of the larger
tumors subsequently developed metastases. Therefore, it has become customary to
classify tumors less than 3 cm as adenoma and those larger than 3 cm as carcinoma. This
classification has been used widely since then, but has also been criticized. Several
authors have discarded this classification and consider all tumors as renal cell carcinoma,
but small tumors as "renal adenocarcinoma of low metastatic potential" (17, 18). However!
other authors have held the view that renal adenomas do exist and can even be distin-
guished by histological criteria (19, 20). This view is supported by Dal Cin and coworkers
(21), who found chromosomal aberrations in tumors that were histopathologically diagnosed
as cortical adenomas. These aberrations were different from those commonly found in
renal cell carcinomas. Small renal cortical neoplasms might therefore consist of two sub-
groups, adenomas and small adenocarcinomas, that cannot be reliably distinguished on the
basis of histological characteristics, immunohistochemistry or ultrastructure (17,22), but with
a different biological potential in terms of invasive growth and subsequent metastasis.
The basement membrane plays a crucial role in malignant neoplasia, in particular as a
barrier to be taken by invasively growing tumor cells. Therefore, basement membrane
immunohistochemistry might help to discriminate between (non invasive) adenoma and
(invasive) adenocarcinoma.

Our results on renal cortical neoplasms indicate that tumor size, tumor grade and basement
membrane patterns are closely related. Tumors larger than 10 mm were almost always of
higher nuclear grade, whereas smaller tumors were heterogeneous with regard to nuclear
grade. This subdivision is supported by the basement membrane immunohistochemistry
results. Tumors smaller than 10 mm mostly showed intact basement membranes, in the
tumor centre as well as in the periphery. Larger tumors mostly showed a heterogeneous
pattern with defects in the basement membranes of most of the tumors. These data
indicate, in agreement with Bell (5), that tumor size may be an important parameter of
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malignant potential, but with a cut-of point of 1 cm rather than 3 cm. Taking into consider-
ation the data provided by Fuhrman et al (3), who found in stage I tumors a significant
difference in metastatic rate between grade 1 tumors and the tumors of grades 2-4, and
our finding, that grade I tumors contained intact basement membranes in the centre and
the periphery, we propose that all tumors larger than 10 mm should be considered
potentially malignant. It would be preferable to ascertain this contention in additional
studies, including follow-up data, but the rarity of tumors smaller than 10 mm did not allow
us to perform such an analysis on our material.
In conclusion, renal cortical tumors smaller than 10 mm have a somewhat variable nuclear
grade, but mostly intact basement membranes. This finding supports the benign nature of
these tumors.
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4.5 TABLES

Table 1. Tumor size (in mm) in relation to tumor grade.

grade 1
grade 2-3

510

8
4

>10

1
28

X = 19.80; P<0.01

Table 2. Tumor size (in mm) in relation to the peripheral basement membrane pattern.

+

£ 1 0

9
2

>10

3
24

(+ = intact basement membrane, - = not intact basement membrane); x* = 18.08; P<0.01

Table 3. Tumor size in relation to central basement membrane pattern.

+

sto

9
1

>10

6
20

(+ = intact basement membrane, - = not intact basement membrane); x = 13,31; P<0.01

Table 4. Nuclear grade in relation to central basement membrane pattern.

+

grade 1

7
1

grads 2 and 3

7
20

(+ = intact basement membrane, - = not intact basement membrane); x = 18.55; P<0.01

Table 5. Nuclear grade in relation to peripheral basement membrane pattern.

+ 7
1

grade 2 and 3 '

5
25

(+ = intact basement membrane, • = not intact basement membrane); x = 8,75; P<0.01
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LEGENDS TO THE FIGURES

Figure 1. Small renal cell carcinoma. Intact basement membranes at the periphery of the tumor (arrows) (a: type
IV collagen, x125; b: laminin, x350).

Figure 2. Small renal cell carcinoma. Intact basement membranes in the central part of the tumor (type IV
collagen, x350).

Figure 3. Renal cell carcinoma (diameter > 10 mm), central part. Interrupted basement membranes (type IV
collagen, x350).

Figure 4. Renal cell carcinoma (diameter > 10 mm), periphery. Interrupted basement membranes (laminin, x250).

Figure 5. Renal cell carcinoma (diameter > 10 mm), periphery. Intact basement membranes (type IV collagen,
x125). Adjacent to the tumor, atrophic tubules and a compressed glomerulus is present.

Figure 6. Renal cell carcinoma (diameter > 10 mm), central part. Intact basement membranes (laminin, x125).
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CHAPTER 5

PATTERN AND COMPOSITION OF BASEMENT
MEMBRANES IN SQUAMOUS CELL CARCINOMAS OF
THE UPPER AERODIGESTIVE TRACT.

An immunohistochemical study with antibodies directed
against type IV and type VII collagen.

R. Visser, JW Arends, FT Bosman
submitted for publication
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5.1 INTRODUCTION

The epithelium, lining the mucosa of the mouth and upper respiratory tract is demarcated
by a continuous and regular basement membrane composed of type IV collagen and
laminin, but also containing type VII collagen, a newer member of the collagen family. Type
VII collagen is the principal constituent of the anchoring fibrils, which link the lamina densa
of the basement membrane with the adjacent stroma, and shows a somewhat restricted
tissue distribution (1,2).
Basement membranes have been studied extensively in recent years in connection with
neoplastic growth. In immunohistochemical studies, using antibodies against type IV
collagen and laminin, basement membrane discontinuities were observed in in situ as well
as in invasive carcinomas (3-6), but interruptions have also been observed in areas with
inflammation in close proximity to the surface epithelium (7). Conversely, in well differenti-
ated squamous cell carcinoma, often the basement membrane appeared to be rather
regular.
So far, very few studies comparing type IV collagen and type VII collagen distribution
patterns in neoplasia have been published (8-11). In the present investigation, therefore,
we studied the occurrence of types IV and VII collagen in the basement membrane in the
upper aerodigestive tract mucosa and the pattern of basement membrane deposition in
squamous cell carcinoma in this region. This was accomplished by immunohistochemistry,
using antibodies specific for collagen type IV and monoclonal antibodies specific for type
VII collagen. Special attention was paid to possible correlations between deposition pattern
and tumor cell differentiation.

5.2 MATERIALS & METHODS

5.2.1 Tissue

We collected tissue specimens from 30 consecutive cases of squamous cell carcinoma
from different locations in the head and neck region including larynx, pharynx and oral
cavity. The tissue specimens encompassed biopsies and samples of resection specimens.
From the resection specimens tissue sections were selected which contained carcinoma
tissue as well as adjacent apparently normal squamous epithelium. About half of every
tissue specimen was frozen in isopentane, quenched in liquid nitrogen, and stored at -70°
C until use. The other half was fixed in 4% neutral buffered formaldehyde and embedded in
paraffin, according to routine procedures.

5.2.2 Immunohistochemistry

Antibodies

Polyclonal antiserum directed against type IV collagen was raised in rabbits with human
placental type IV collagen as immunogen. Characterization and immunospecificity have
been described before (13).
A monoclonal antibody against type VII collagen was used in this study: NP-76, which
reacts with the amino terminus of the NC-1 domain of the molecule. This antibody was
kindly provided by dr R.E. Burgeson (Portland, Oregon, USA).

Type IV collagen

Paraffin sections (3nm) were deparaffinized and blocked for endogenous peroxidase with
0.6% hydrogen peroxide in methanol during 15 minutes and washed 3 x 5 minutes in
demineralized water and afterwards in Trizma buffered saline (TBS) . Then, the sections
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were treated with 0.1% pepsin (Sigma) in 0.1 N HCI at room temperature (RT) during 30
minutes to unmask immunoreactivity for type IV collagen (12).
After rinsing ( 3 x 5 min) in demineralized water the sections were exposed to a rabbit anti-
type IV collagen antiserum (diluted 1:250 in TBS with 1% BSA and 0.1% Tween). After
washing, the sections were incubated with a horseradish peroxidase conjugated swine anti-
rabbit antibody (DAKO PATTS) (45 min) at RT, washed again in TBS, and a diaminobenzi-
dine/HjOj reaction was executed. Imidazole (0.1 M) was added to the substrate solution in
order to enhance the staining intensity. The slides were counterstained with Mayer's
haematoxylin during 1 minute.

Type VII collagen

Frozen sections (4 (i) were cut, airdried and fixed subsequently in 4% buffered formalin
during 10 minutes. Then the sections were washed with demineralized water and dehy-
drated in graded alcohols. After blocking endogenous peroxidase with 0.3% HjO^ (15 min),
sections were again rinsed in demineralized water (3x 5 min) and briefly in TBS. Then the
sections were incubated with the antibody against type VII collagen (diluted 1:500 in TBS
with 1% BSA and 0.1% TWEEN), 45 min at RT. Afterwards the sections were washed (3x5
min) and incubated (45 min, RT) with horseradish peroxidase conjugated rabbit anti-mouse
antibody.
Subsequently the sections were washed again in TBS and treated with diaminoben-
zidin/HjOz. Imidazole was added as described above. The amount of immunoreactivity at
the tumor cell-stroma interface was scored semi-quantitatively in terms of presence of
immunoreactivity in or around the cell or clusters of cells and in terms of co-expression of
the two basement membrane components.

Indirect immunofluorescence doublestaining

For type IV collagen and type VII collagen doublestaining the sections were first incubated
with a mixture of anti-type IV collagen (1:250 diluted) and anti-type VII collagen (1:500 dilu-
ted), in TBS/1% BSA/0,1% Tween.
As second layer a mixture was used of FITC labeled goat anti- rabbit IgG (Nordic, 1:300
diluted) and rhodamine labeled goat anti- mouse IgG (TAGO Inc, Burlingame, Cal., USA;
diluted 1:300).
Specificity of the obtained immune reaction was controlled by identical incubation of parallel
sections, but with an irrelevant primary antibody or with TBS instead of the primary
antibody.
The fluorescence patterns were photographed with a Leitz dialux fluorescence microscope
using alternately FITC and rhodamin filter combinations.

5.3 RESULTS

The histologically normal epithelium showed intact basement membranes, with a linear type
IV collagen immunoreactivity pattern and a similar but somewhat granular pattern of type
VII collagen (Fig. 1). A similar pattern was also observed at the interface between the
epithelium of the salivary gland ductules and the adjacent stroma. However, type VII
collagen was lacking in the basement membrane lining the epithelium of the glandular
acini. Unlike type IV collagen, type VII collagen immunoreactivity was not found in the
basement membrane around vascular structures, muscle fibres, nerve bundles and
adipocytes.
The majority of the squamous cell carcinomas showed moderate differentiation (Table I). In
particular the available pharyngeal carcinomas showed a homogeneous, moderate
differentiation, while our laryngeal tumors contained areas with poorly and moderately
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differentiated carcinoma. Most oral cavity carcinomas were moderately differentiated but
contained focal areas with either poor or high differentiation.
When we compared tumor differentiation with expression of the two basement membrane
antigens it appeared that in only one of the five tumors with poor differentiation co-
expression of both components occurred. Of tumors with moderate differentiation however
a majority (16 of 21 tumors) showed immunoreactivity for the two basement membrane
components in an identical pattern (fig 2). In well differentiated carcinomas both compo-
nents showed identical expression patterns.
As is shown in Table II we found two patterns of immunoreactivity. All of the poorly
differentiated tumors showed type VII collagen staining in the cytoplasm (fig 3); one of
these five tumors in addition showed areas with extracellular deposition of type VII collagen
(fig 4). This type of staining pattern, both intra- and extracellular, was observed in 9 of the
21 moderately differentiated carcinomas. The other tumors contained either intracellular or
extracellular deposition. In the group of well differentiated carcinomas all but one showed
only extracellular deposition of type VII collagen.

5.4 DISCUSSION

The mucosa of the upper aerodigestive tract is lined partly with ciliated columnar, and
partly with stratified squamous epithelium. These cells all rest on a basement membrane,
which is in direct continuity with the basement membrane of the epithelia of the mucosal
glands and their ducts. One of the major constituents of the basement membrane is type IV
collagen, which forms, together with laminin, the basic structure of the basement mem-
brane (14-16). A newer member of the collagen family, tvoe VII collaaen is a maior
^uMotiiucnc ui ine aiicnunng iiDrns (,i,ifc>,l/). Inese structures, which occur in the pars
reticularis of the basement membrane, form a network together with anchoring plaques,
which entraps large stromal collagen fibres. As a result the basement membrane is
effectively anchored to the underlying stroma (18). The distribution of type VII collagen
containing anchoring fibrils is somewhat tissue restricted. Type VII collagen has been found
in the skin, chorioamnion, cornea (Bowman's membrane), ectocervix, mucosa of the upper
aerodigestive tract and around ducts and lobules of the breast (1,2,8). During the
embryonal development of the skin, the occurrence of anchoring fibrils is preceded by the
deposition of a basement membrane (19,20).
In invasive carcinoma of the upper aerodigestive tract, but also in some in situ carcinomas,
disruption of the basement membrane has been described (4,5,6). In these studies
immunohistochemical methods were employed, using antibodies directed against laminin
or/and type IV collagen. Basement membrane disruption is not specific for tumor invasion:
it occurs also when epithelia are invaded by inflammatory cells (7). Deposition of basement
membranes around nests of tumor cells, in co-operation with stromal myofibroblasts has
also been reported (21-24).
Studies of type VII collagen deposition in neoplasia as yet are limited to carcinoma of the
breast (8), melanoma (9,10) and basal cell carcinoma (11). The distribution patterns of type
VII collagen in a variety of malignant tumors were reported by Wetzels et al (2). In the
breast it was found that the majority of carcinomas does not contain a basement memb-
rane. However, a minority showed basement membrane staining with a different pattern for
type VII collagen, which differed from that of laminin and type IV collagen.
Kirkham et al (10) reported in a study of nevomelanocytic lesions that type IV collagen and
type VII collagen line the epidermal basement membrane and this staining pattern is
continued around dermal nevus cells. In invasive melanoma gradually gaps were found to
occur in the epidermal basement membrane in the invasive front when stained with
antibodies against type VII collagen. Type IV collagen often remained detectable in the
form of a continuous basement membrane surrounding invading melanoma cells.
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In basal cell carcinomas type VII collagen is deposited around tumor cell nests. This
pattern corresponds with that of type IV collagen and laminin (3), although in the desmo-
plastic or sclerosing type extensive irregularities to sometimes absences of type IV collagen
deposition were described (25).
Our findings indicate that in highly differentiated squamous cell carcinoma almost continu-
ous basement membranes occur which contain type IV collagen and type VII collagen.
These results are in line with the findings of Wetzels et al (2). With decreasing level of
differentiation the tendency of cancer cells to deposit a basement membrane decreases. In
this process, loss of deposition of type VII collagen occurs first and is followed by loss of
type IV collagen deposition. Strikingly, some poorly differentiated tumor cells retain the
possibility to synthesize type VII collagen, but fail to deposit it extracellularly, presumably in
relation to the absence of a basal lamina.
These findings suggest, in line with the findings reported by Kirkham et al (10) in melanom-
a, that type VII collagen might be a more sensitive indicator for invasive growth than type
IV collagen because it disappears earlier. Whether or not this might be of diagnostic use
will have to be established in clinicopathological studies of early neoplastic lesions. The
findings furthermore indicate that type VII collagen synthesis is regulated independent from
type IV collagen synthesis, but its extracellular deposition appears to depend on the
availability of a type IV collagen matrix. Intracytoplasmic type VII collagen expression might
be used as a progression marker for squamous cell carcinoma. The clinical use of this
parameter will have to be established in clinicopathological follow-up studies.
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5.5 TABLES

TABLE I. Differentiation of 30 carcinomas of the upper aerodigestive tract

Differentiation

poor

poor + moderate

moderate

moderate + well

well

Total

larynx

-

3

3

-

6

pharynx

-

17

-

17

oral cavity

1

1

1

4

7

Total *

1

4

21

4

0

30

TABLE II. Expression pattern of type VII collagen in upper aerodigestive tract
squamous cell carcinoma

differentiation

poor

moderate

well

n

5

21

4

c

4

4

1

c / e ; : -'

1

g

0

e >'•

0

8

3

c = intracytoplasmatic type VII collagen immunoreactivity
e = extracellular type VII collagen immunoreactivity
c/e = intra- and extracellular type VII collagen immunoreactivity
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LEGENDS TO THE FIGURES

Figure 1. Regular basement membranes lining the surface epithelium. Type IV collagen (a), type VII collagen (b);
no immunoreactivity between antibodies to type VII collagen and capillary basement membranes (b). 250x,
immunofluorescence (doublestaining)

Figure 2. Squamous cell carcinoma, moderately differentiated. Consecutive sections. Islands of tumor cells
surrounded by focally interrupted basement membranes (arrow), with identical patterns of type IV collagen (a) and
type VII collagen (b). Antobodies to type VII collagen do not react with vascular basement membranes. 250x,
immunoperoxidase.

Figure 3. Squamous cell carcinoma, poorly differentiated. Consecutive sections. Only capillary basement
membranes in type IV collagen staining (a). Only expression of type VII collagen in the cytoplasm of tumor cells
(b). 250x (inset, 400x), immunoperoxidase.

Figure 4. Squamous cell carcinoma, poorly differentiated. Intracytoplasmic and extracellular deposition of type VII
collagen. 300x, immunoperoxidase.
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CHAPTER 6

PATTERNS AND COMPOSITION OF BASEMENT
MEMBRANES IN COLON ADENOMAS AND
ADENOCARCINOMAS.

R Visser, JW Arends, IM Leigh, FT Bosman
J Pathol 1993 (in press)
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6.1 INTRODUCTION

Invasive growth is a decisive hallmark of malignancy in epithelial cancers. It is a complex
multistep process with as initial event the dissolution of the extracellular matrix, including
the basement membrane.
In developing neoplastic epithelial lesions progressing towards invasion, a complex and
dynamic interaction occurs between epithelial tumor cells and extracellular matrix prior to
breakdown of the basement membrane, as seen by morphological methods (1-4). Down
regulation of the expression and cell-surface redistribution of integrins and degradation of
basement membrane components by proteolytic enzymes such as type IV collagenase,
cathepsins, plasminogen activators and plasmin, elastases and heparinases (5) occur. As a
result a passage is created for tumour cell migration into the surrounding stroma. The site
of basement membrane degradation can be visualized by immunohistochemical staining for
basement membrane antigens. Discontinuities are usually evident in carcinomas (1,6),
although interruptions have also been reported in inflammatory conditions (7). Basement
membranes are, however, also deposited in growing neoplasms and in fact in most
neoplasms the observed basement membrane patterns reflect the balance between
basement membrane degradation and basement membrane deposition.
In the last decade, many immunohistochemical studies have been performed documenting
basement membrane patterns in invasive malignant neoplasia (8,9). In a majority of these
studies, antibodies were used against laminin and type IV collagen, two omnipresent
components of the basement membrane. These studies have reported that, although the
basement membrane structure may be focally or extensively interrupted, the co-expression
of type IV collagen and laminin, which is characteristic of a normal basement membrane, is
generally maintained.
The situation appears to be different when immunoreactivity for types IV and VII collagen
are compared. Type VII collagen is a recently characterized member of the collagen family
(10,11). It is related with anchoring fibrils and occurs in connection with a limited number of
epithelia: epidermis, chorioamnion, cornea, oral and cervical mucosa. It has recently been
reported that in carcinomas of the breast, naevocytic naevi and malignant melanomas, type
IV and type VII collagen do not occur in identical patterns, which is indicative of major
alterations in the composition of the basement membrane, as a result of invasive qrowth
(12,13).
To further explore a possible role for type VII collagen in the development of invasion in
colon cancer we carried out an immunohistochemical study in a series of adenomas and
adenocarcinomas of the colon.
The aims of this study were to determine whether or not type VII collagen occurs in the
basement membrane of normal and neoplastic colon mucosa, and if so, how it is distrib-
uted and furthermore, whether or not type IV collagen and type VII collagen would be
similarly distributed in adenomas and carcinomas of the colon.

6.2 MATERIALS & METHODS

6.2.1 Tissue

The tissues used for this study comprised of three groups. The first group contained normal
mucosa samples from the descending colon and rectum from 4 patients under observation
for rectal blood loss, but with normal mucosa by coloscopy. The second group contained
28 samples (resection specimens and biopsies) of hyperplastic polyps and adenomas.
The third group consisted of 22 surgically resected colorectal adenocarcinomas.
From each specimen tissue samples were selected and fixed in 4% neutral buffered
formaldehyde and embedded in paraffin according to routine procedures. Sections (4 urn)
were stained with haematoxylin and eosin and subjected to immunoperoxidase staining
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with antibodies directed against type IV collagen and type VII collagen. In addition, samples
were frozen in isopentane, quenched in liquid nitrogen, and stored at -70°C. Cryostat
sections were cut at 4 u.m, air dried at room temperature and stored at -20"C for immuno-
fluorescence double staining with antibodies directed against type IV collagen and type VII
collagen.

6.2.2 Antibodies

Antibodies against type IV collagen were raised in rabbits with human placental type IV
collagen. Characteristics of the obtained antibodies have been described before (14).
Two monoclonal antibodies against type VII collagen were used in this study: NP-76, which
reacts with the amino terminus of the NC-1 domain of the molecule, and LH 7.2 (15).
The antibodies were kindly provided by Drs R.E. Burgeson (Portland, Oregon, USA; NP-76)
and I.M. Leigh (London, G.B.; LH 7.2).
Two monoclonal antibodies against cytokeratins were used: RCK 102 directed against
keratins 5 and 8 and NCL 5D3 against keratins 8, 18 and 19. Both antibodies were
obtained from Organon (Oss, The Netherlands).

6.2.3 Immunohistochemistry

For indirect immunoperoxidase staining cryostat sections (fixed in 2.5% buffered formalde-
hyde for 10 min) or rehydrated paraffin sections were immersed in 0.6% hydrogen peroxide
in methanol (15 min) to block endogenous peroxidase. Incubation with the appropriate
antiserum was performed for 45 minutes at room temperature (anti type IV collagen diluted
1:250, NP-76 1:500 and LH 7,2 1:10 in Trizma buffered saline (TBS) with 1%BSA and
0,1% Tween). After washing in TBS a peroxidase-labelled swine-anti-rabbit conjugate for
the polyclonal antibody (diluted 1:500 in TBS/BSA/Tween) and peroxidase-labelled rabbit-
anti-mouse for the monoclonal antibody (diluted 1:200 in TBS/BSA/Tween) were used
(Dakopatts, Denmark). Peroxidase activity was visualized in a substrate solution containing
diaminobenzidine (DAB). Imidazole (0.1 M in Triss/HCI) was added to enhance the staining
intensity. The sections were counterstained with Mayer's haematoxylin.
For indirect immunofluorescence double staining of types IV and VII collagen the same
procedure was followed but tissue sections were incubated with a mixture of anti-type IV
collagen and anti-type VII collagen, in TBS/1 %BSA/0,1% Tween.
As second layer a mixture of FITC labelled goat anti rabbit IgG (Nordic, diluted 1:300) and
rhodamine labelled goat anti mouse IgG, (TAGO Inc, Burlingame, Ca, USA; diluted 1:300)
was used. The fluorescence patterns were photographed with a Leitz Dialux fluorescence
microscope using FITC and rhodamine filter combinations alternately.

Histological evaluation

In adenomas, dysplasia was classified as mild, moderate or severe, according to the
highest grade of dysplasia, even when the higher grade occurred only focally. Four
adenomas contained foci of adenocarcinoma with superficial invasion, Adenocarcinomas
were graded according to their level of differentiation as poorly, moderately and well
differentiated, taking the area of lowest differentiation as criterion.

6.3 RESULTS

Immunostaining for type IV collagen by immunoperoxidase and immunofluorescence
showed consistent immunoreactivity; vascular basement membranes were taken as an
internal positive control. Normal epithelia in all specimens displayed a continuous basement
membrane.
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By immunoperoxidase staining type VII collagen reactivity was not very intense, but by
immunofluorescence a more intense reactivity was observed. The patterns of immunore-
activity for both monoclonal antibodies (NP-76 and LH 7.2) were identical.

6.3.1 Normal mucosa

In the specimens containing normal mucosa, continuous basement membranes were
observed adjacent to the surface and crypt epithelium when stained for type IV collagen.
When stained for type VII collagen, however, no immunoreactivity was seen, neither in
vascular nor in epithelial basement membranes.

6.3.2 Adenomas

All adenomas showed a normal and structurally intact basement membrane by type IV
collagen immunohistochemistry, regardless of the histological type or grade of the
adenoma. Type VII collagen immunoreactivity occurred extensively in adenomas and was
restricted to the basement membrane zone (Fig 1). Although type IV collagen was
homogeneously distributed with a linear pattern at the interface between epithelium and
stroma, type VII collagen immunoreactivity was more intense in the basement membrane of
epithelia at the luminal surface of the adenomas and displaying a granular pattern (Fig 2).
In the four adenomas with focal adenocarcinoma the latter showed distinctly less intense
type VII collagen immunoreactivity. The normal epithelium adjacent to an adenoma
occasionally showed type VII collagen reactivity, especially at the luminal surface (Fig 3).

6.3.3 Adenocarcinomas

The majority of the adenocarcinomas showed moderate differentiation. The basement
membrane staining patterns for type IV collagen in all carcinomas were remarkably similar.
The majority of the neoplastic tubules was surrounded by a fairly regular basement
membrane, whereas scattered tubules, especially at areas where stroma was scanty,
lacked type IV collagen immunoreactivity entirely or showed a discontinuous staining
pattern (Fig.4). Dysplastic or normal crypt epithelium, adjacent to the carcinoma, showed a
regular basement membrane.
Type VII collagen was found only in well or moderately differentiated adenocarcinomas.
Only a few tubules showed basement membranes with type VII collagen immunoreactivity.
In poorly differentiated adenocarcinomas no type VII collagen immunoreactivity occurred.
In some tumors the mucosal epithelium adjacent to the tumor showed slight to moderate
dysplasia. In these areas types IV and VII collagen appeared to be co-distributed as a
continuous basement membrane. Type VII collagen immunoreactivity was consistently
more intensive in the superficial parts of these crypts, than in the deeper parts.
Of all specimens containing areas with type VII collagen immunoreactivity, parallel sections
were stained for cytokeratins. The pattern of immunoreactivity for both cytokeratin anti-
bodies did not differ between type VII collagen positive and type VII collagen negative
specimens.

6.4 DISCUSSION

In this study basement membrane patterns were investigated in normal mucosa of the
colon and in colon adenomas and adenocarcinomas, using antibodies directed against type
IV collagen and type VII collagen. Type VII collagen is a 320 kD molecule consisting of a
triple helical domain of 170 kD and a 150 kD non-helical domain at the carboxy-terminus
(16,17). Both basal keratinocytes and a small population of fibroblastic cells synthesize type
VII procollagen in the developing skin (10). Type VII collagen, anchoring fibrils and

72



hemidesmosomes appear simultaneously at an estimated gestational age of 7-8 weeks,
which is 2 weeks later than the basement membrane components type IV collagen and
laminin (18,19). Type Vll collagen is the major constituent of the anchoring fibrils, which
anchor the basement membrane to the adjacent collagenous stroma. Together with
hemidesmosomes and anchoring filaments, which attach epithelial cells to the basement
membrane, anchoring fibrils mediate attachment of epithelial cells to the stroma. Type Vll
collagen has been found in the basement membrane zone of the amnion and the basement
membrane of stratified epithelia such as oesophageal, oral and cervical mucosa, corneal
epithelium, urothelium of the urinary bladder and around ducts of the breast (11,12).
In a small number of studies type VII collagen has been localized in neoplastic tissues. The
most notable findings were reported by Kirkham et al (20) in thin cutaneous melanomas. In
benign naevi type Vll collagen co-localized with type IV collagen and laminin in basement
membrane structures surrounding nests of naevus cells. In thin malignant melanoma the
tumor cell nests were usually outlined by a basement membrane which also contained type
IV collagen and laminin as well as type Vll collagen. In malignant melanomas thicker than
0.9 mm, type Vll collagen was very irregularly distributed, in spite of almost continuous
staining for type IV collagen and laminin. The authors suggest on the basis of these
findings that type Vll collagen is a better marker for invasive growth in nevomelanocytic
lesions than type IV collagen and that the better prognosis of thin melanomas is reflected in
integrity of the basement membrane as judged by type Vll collagen staining. These findings
are in keeping with those reported by Schmoeckel et al (13), who found that around
malignant melanomas the basement membranes do contain type IV collagen and laminin,
but not type Vll collagen.
Against this background we investigated the expression of type IV and type Vll collagen in
colon mucosa and in colonic neoplasms. We could confirm earlier results reported by Sakai
et al (11) that in the normal colon type Vll collagen does not occur in the basement
membrane. In transitional and dysplastic colonic epithelium a striking pattern of type Vll
collagen deposition was noted. In mucosa adjacent to adenomas and carcinomas and in
adenomatous epithelium, type Vll collagen expression appeared in the epithelia close to
the luminal surface. What causes the expression of type Vll collagen remains unknown.
Considering the mechanical functions of type Vll collagen it could be hypothesized that
increased shear forces on the epithelial surface might induce its expression.
In any case, our findings indicate that the interaction between epithelium and stroma in an
adenoma is different from that in the normal mucosa. Whether or not the presence of type
Vll collagen in adenomas reflects the presence of structurally identifiable anchoring fibrils
remains to be further investigated.
Type Vll collagen deposition was not related to altered epithelial differentiation as the
pattern of cytokeratin expression did not differ between type Vll collagen positive and type
Vll collagen negative epithelia. Also in some carcinomas type Vll collagen expression was
found, but only in well differentiated carcinomas; in moderately well and poorly differenti-
ated carcinomas this no longer occurred. Furthermore, the extent of type Vll collagen
deposition was distinctly less in carcinomas than in adenomas. It appears, therefore, that
early in the development of colonic neoplasia (e.g. in adenomas) type Vll collagen is
expressed, whereas in progressed lesions this phenomenon no longer occurs.
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LEGENDS TO THE FIGURES

Figure 1. Adenoma of the colon. Regular type VII collagen immunoreactivity lining the epithelium of the glands.
No immunoreactivity of the stromal blood vessels (a). Regular type IV colfagan immunoreaciivity lining the gland
epithelium. Stromal vessels are positive (b). 125x, immunofluorescence

Figure 2. Adenoma of the colon. More intense type VII collagen immunoreactivity at the more superficial parts of
the glands (type VII collagen, rhodamine labelled). 125x, immunofluorescence

Figure 3. Mucosa adjacent to the adenomatous epithelium. Type VII immunoreactivity at the interface between
epithelium and stroma at the luminal surface, (type VII collagen, rhodamine labelled). 125x, immunofluorescence

Figure 4. Adenocarcinoma of the colon. Only patches of immunoreactivity lining the neoplastic glands. In the
stroma immunoreactive vascular basement membranes are seen, (type IV collagen, FITC labelled). 125x,
immunofluorescence

Figure 1a Figure 1b
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CHAPTER 7

TYPE VII COLLAGEN EXPRESSION IN THE NORMAL,
HYPERPLASTIC AND NEOPLASTIC ENDOMETRIUM

An immunohistochemical study with type VII collagen
and type IV collagen antibodies in preneoplastic and
neoplastic lesions of the endometrium.

R. Visser, MPML Snijders, JW Arends , FT Bosman
Submitted for publication
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7.1 INTRODUCTION

The glandular epithelium and the vascular endothelium in the stroma of the endometrium
are supported by intact and continuous basement membranes throughout the menstrual
cycle.
These basement membranes contain intrinsic components such as laminin, type IV
collagen and heparan sulphate proteoglycan (1-4). In addition, it has been shown that in
the secretory phase and in pregnancy pericellular deposition of these matrix components
occurs around decidualized stromal cells (2). In benign (pre)neoplastic conditions, the
epithelial basement membranes remain patent as for example in simple hyperplasia and in
atypical hyperplasia of the endometrium.
Some authors, however, observed minor interruptions in the epithelial basement membrane
in simple hyperplasia (1,3,4), but this phenomenon was also found in association with
inflammation and stromal fibrosis (3). Interruptions in the basement membrane of neoplastic
glands in endometrial carcinoma have been observed (3). The extent of these interruptions
has been correlated with the grade of differentiation of the tumor: in poorly differentiated
adenocarcinomas of the endometrium little or no basement membranes were detectable,
whereas in well differentiated adenocarcinomas extensive basement membrane deposition
occurred. These studies were executed by immunohistochemistry using antibodies against
type IV collagen and laminin.
Type VII collagen, which is a major component of the anchoring fibrils, which bind the
basement membrane to the underlying extracellular matrix, has been found almost
exclusively in the basement membrane zones of stratified epithelia (7). In the female genital
tract, type VII collagen expression has only been described in the cervical mucosa (8,9).
The occurrence and distribution of this anchoring fibril associated protein in non-stratified
epithelia such as the glands of the endometrium has not been extensively described yet.
We therefore studied type VII collagen distribution in normal and neoplastic endometrium,
addressing the following questions:
1- Does type VII collagen occur in the endometrium and if so, is the expression pattern
related to the menstrual cycle.
2- Is the expression pattern of type VII collagen in the basement membrane altered in
hyperplasia, atypical hyperplasia and adenocarcinoma of the endometrium in comparison
with that of type IV collagen.

7.2 MATERIALS & METHODS

7.2.1 Endometrial mucosa

For this study we used endometrial tissues obtained from patients which were treated
because of essential menorrhagia, dysmenorrhoea or uterine descensus. Details on
menstrual history, date of last menstrual period, hormonal therapy and gynaecological
surgery were recorded. All 15 premenopausal women (between 29 and 46 years of age)
had a regular menstrual cycle; the 5 postmenopausal women were between 51 and 66
years of age. None of the patients had a history of exogenous hormonal therapy or
distortion of the endometrial cavity (curettage, IUD etc.) for at least two cycles before
surgery. Immediately after surgery (De Wever Hospital, Heerlen), the removed uteri were
opened. Besides sections for routine histopathological evaluation, another two samples
including endometrium and adjacent myometrium were obtained from the uterine fundus
and corpus. These samples were frozen in isopentane quenched in liquid nitrogen and
stored at -70°C. Cryostat sections were cut at 4 |am, airdried at room temperature and
stored at -20°C for immunofluorescence doublestaining with antibodies directed against
type IV collagen and type VII collagen.
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Routinely processed haematoxylin and eosin (H&E) stains were used for histopathological
evaluation. None of the uteri revealed any abnormalities. The endometrial dating criteria as
described by Noyes et al (9) were used to assess the phase of the menstrual cycle in
sections of the midfundus region. The histological appearance of the endometrium was
classified as follows:
I : menstruation(days 1-5)
II : early proliferative (days 6-9)
III: late proliferative (days 10-14)
IV : early secretory (days 15-18)
V : midsecretory (days 19-22)
VI : late secretory(days 23-28)
VII: postmenopausal

7.2.2 Hyperplasia and adenocarcinoma

Tissue sampling was performed as described for the group with normal endometrium. H&E
staining was performed in order to classify the endometrial hyperplasia and
adenocarcinoma. Hyperplasia was classified according to the histopathological criteria
described by Kurman and Norris (11). By definition, the glandular lining epithelium was
devoid of cytological atypia. Hyperplastic lesions in which the lining epithelium did show
atypia were classified as atypical hyperplasia. Endometrial adenocarcinomas were graded
by two pathologists by consensus, according to the revised FIGO definitions (12).

7.2.3 Antibodies

Polyclonal antiserum directed against type IV collagen was raised in rabbits with human
placental type IV collagen as immunogen. Characterization and immunospecificity have
been described before (13).
Two monoclonal antibodies against type VII collagen were used in this study: NP-76, which
reacts with the amino terminus of the NC-1 domain of the molecule, and LH 7.2 (14). The
antibodies were kindly provided by drs R.E. Burgeson (Portland, Oregon, USA; NP-76) and
I.M. Leigh (London, G.B.; LH 7.2).

7.2.4 Immunohistochemistry

1. indirect immunoperoxidase staining:
Cryostat sections were fixed in 2.5% buffered formaldehyde for 10 minutes and washed in
demineralized water. After dehydration in graded alcohol, endogenous peroxidase was
blocked 15 minutes in 0.3% hydrogenperoxide in methanol. After washing in demineralized
water the sections were incubated with the appropriate antiserum during 45 minutes at
room temperature (anti-type IV collagen diluted 1:250, NP-76 1:500 and LH 7,2 1:10 in Tris
buffered saline (TBS) with 1% bovine serum albumin (BSA) and 0,1% Tween to reduce
background staining). After washing in TBS the peroxidase-labeled swine-anti-rabbit
conjugate, detecting the polyclonal antibody, (1:150 diluted in TBS/BSA/Tween) and
peroxidase-labeled rabbit-anti-mouse (both obtained from Dakopatts, Denmark) detecting
the monoclonal antibody (1:200 diluted in TBS/BSA/Tween) were applied. After washing in
TBS the complex was visualized in a substrate solution containing 5 mg DAB, dissolved in
10 ml Tris/HCI (pH 7.6), 4uJ of 30% hydrogenperoxide and 1 ml Imidazole (0.1 M in
Tris/HCL). The sections were then counterstained with Mayer's haematoxylin during 1
minute, dehydrated and mounted with Entellan (Merck, Germany).
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2. Indirect immunofluorescence doublestaining.
For type IV collagen and type VII collagen doublestaining the sections were first incubated
with a mixture of anti-type IV collagen (1:250 diluted) and anti-type VII collagen(1:500
diluted), in TBS/1% BSA/0,1% Tween.
As second layer a mixture was used of FITC labeled goat anti rabbit IgG (Nordic, 1:300
diluted) and rhodamine labeled goat anti- mouse IgG (TAGO Inc, Burlingame, Cal, USA;
diluted 1:300). Specificity of the obtained immune reaction was controlled by identical
incubation of parallel sections, but with TBS instead of the primary antibody.
The fluorescence patterns were photographed with a Leitz dialux fluorescence microscope
using alternately FITC and rhodamine filter combinations.

7.3 RESULTS

All specimens immunostained for type IV collagen showed consistent staining of epithelial
and vascular basement membranes. Moreover, pericellular immunoreactivity was observed
around the smooth muscle cells of the myometrium. These patterns were taken as internal
positive control.

7.3.1 Normal mucosa

Regular and continuous basement membranes were found bordering the epithelial cells of
the glands, at the interface between epithelial cells and adjacent stroma (Fig 1). This
pattern, observed with antibodies directed against type IV collagen, was consistent
throughout the menstrual cycle and in the menopausal period.
The expression pattern of type VII collagen was different. Throughout the different phases
of the menstrual cycle and postmenopausal phase the glands in the basal part of the
mucosa lacked type VII collagen immunoreactivity completely. During the early proliferative
phase no type VII collagen immunoreactivity was observed around any of the endometrial
glands. From the late proliferative phase on, throughout the rest of the menstrual cycle, an
increasing type VII collagen immunoreactivity was observed, only focal in the superficial
parts of the glands and more intense and extensive with continuous immunoreactivity in the
basement membrane of the epithelial cells at the luminal surface of the mucosa (Fig. 2). In
the specimens of the postmenopausal endometrium, the deeper parts of the endometrial
glands showed focal immunoreactivity, while the surface epithelium showed continuous
type VII collagen immunoreactivity.

7.3.2 Hyperplasia

In hyperplasia, stained for type IV collagen, the epithelial basement membrane appeared to
be continuous, irrespective of the presence of epithelial atypia. The same pattern of
generally regular and intact epithelial basement membranes was observed by type VII
collagen immunostaining. However, in specimina with cellular atypia of the tubules, areas
with absent basement membrane immunoreactivity for type VII collagen were observed,
while type IV collagen staining showed intact basement membranes (Fig. 3).

7.3.3 Adenocarcinoma

Adenocarcinomas of the endometrium showed irregular patterns of epithelial basement
membrane staining, with interruptions up to total absence, when stained for type IV
collagen (Fig 4). In 1 case of papillary adenocarcinoma, type IV collagen immunoreactivity
was not observed around tumor epithelium.
In these specimina of endometrial adenocarcinoma type VII collagen immunoreactivity was
not observed.
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7.4 DISCUSSION

In this study, we investigated basement membrane patterns in normal endometrium, and in
endometrial hyperplasia and adenocarcinoma. Antibodies against type IV coiiagen and type
VII collagen were used. Type Vil collagen is the major constituent of anchoring fibrils
(7,15). These fibrils, which reinforce attachment of epithelial cells to the stroma, originate at
the basement membrane and project into the stroma. Type VII coiiagen has been found in
the basement membrane of amnion epithelium and in the basement membrane of stratified
epithelia such as oesophageal, oral and cervical mucosa, corneal epithelium, uroiheitum of
the urinary bladder and around ducts of the breast (8,9,16).
Patterns of type VII collagen expression have been studied in a limited spectrum of
neoplasms. Kirkham et al (17) described type VII collagen containing basement mem-
branes surrounding tumor cell nests in malignant melanoma. In malignant melanomas
exceeding 0.9 mm in thickness, these basement membranes appeared to be fragmented,
suggesting a relationship between the thickness of the tumor, basement membrane
integrity and a prognosis in thin malignant melanomas. Schmoeckel et al (18) found intact
basement membranes around junctional tumor nests of melanomas, including weak
staining with type VII collagen. In deeper, dermal regions they observed positive staining
for laminin around the tumor nests, but weak staining for type IV collagen and absent type
VII collagen immunoreactivity, suggesting a gradual disappearance of basement membrane
components during the penetration of malignant melanoma cells in the dermis. Recently,
we studied the presence and localization of type VII collagen in the normal mucosa,
adenomas and adenocarcinomas of the large bowel (reported in Chapter VI of this thesis).
Type VII collagen appeared to be transiently expressed in the development of neoplasia:
no expression in normal epithelium, extensive expression in dysplastic, limited expression
in well differentiated malignant and no expression in poorly differentiated malignant
epithelium.
In the present investigation we studied the expression of type IV and type VII collagen in
the normal endometrium and in endometrial hyperplasia and adenocarcinoma.
Our observations of type IV collagen immunoreactivity patterns are in line with findings of
others (1,2,3,4,19), who reported a homogeneous distribution of type IV collagen in the
basement membrane of vascular structures in the stroma and of tubules and epithelia at
the luminal surface.
The results of our study indicate, that an increasing amount of type VII collagen is
expressed during the course of the menstrual cycle, with focal immunoreactivity in the
epithelial basement membrane in the proliferative phase and continuous type VII collagen
immunoreactivity in the basement membranes of the glands in the secretory phase, which
is more intense at the luminal surface than around the deeper glands. This pattern differs
from that of type IV collagen, which is expressed ubiquitously along the epithelial lining of
glands and surface. This different expression pattern might reflect specific functions of type
IV and VII collagen in the basement membrane. The association of type VII collagen with
anchoring fibrils, which are found in the subbasal lamina and reinforce the attachment of
epithelial cells to the underlying stroma of tissues subject to external frictional forces sug-
gests that the presence of type VII collagen in the secretory phase of the menstrual cycle
might be associated with shear forces in the uterine cavity. Alternatively, it could be
envisaged that the function of type VII collagen is not merely mechanical, but also includes
regulating properties.
In adenomatous hyperplasia various authors have reported intact basement membranes,
although Furness and Lam (4) found disruptions in the basement membrane in some cases
of adenomatous hyperplasia. In our series of adenomatous hyperplasia we did not find any
basement membrane discontinuity in type IV collagen stained sections, even in the
presence of cellular atypia. However, type VII collagen staining showed focal absence in
cases of hyperplasia with atypia.
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This heterogeneous expression pattern of type IV and type VII collagen was more
pronounced in adenocarcinoma of the endometrium. Basement membrane breaks up to
total absence was observed in sections stained for type IV collagen, confirming results from
the literature (1-4,19). Type VII collagen expression, on the other hand, lacked completely
in adenocarcinoma. The biological significance of this finding remains unanswered.
Our findings might have some diagnostic applications. The irregular type VII collagen
staining we observed in atypical hyperplasia might be used to delineate the boundary
between hyperplasia and adenocarcinoma. The disappearance of type VII collagen
immunoreactivity in adenocarcinoma might be used in the same way.
In conclusion, we have found type VII collagen expression in the late proliferative and
secretory endometrium, especially in connection with basement membranes of superficial
glands. In hyperplasia this pattern remains, but in atypical hyperplasia type VII collagen
gradually disappears and type VII collagen is no longer observed in endometrial
adenocarcinoma.
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LEGENDS TO THE FIGURES

Figure 1. Normal proliferating endometrium. Intact basement membranes around glands and vessels Type IV
collagen immunofluorescence (63x).

Figure 2. Superficial epithelium of the endometrium. a: continuous immunoreactivity for type VII collagen Note
absence of immunoreactivity around stromal vessels, b: Continuous immunoreactivity for type IV collagen. Note
immunoreactive vascular basement membranes (immunofluorescence, 125x).

Figure 3. Endometrium with hyperplasia and cellular atypia. a; Extensive basement membrane immunoreactivity
for type IV collagen, b: Reduced and partially absent immunoreactivity for type VII collagen (immunofluorescence,

Figure 4. Adenocarcinoma of the endometrium. Irregular patterns of type IV collagen deposition around neoplastic
glands (immunoperoxidase; type IV collagen, 125x).

Figure 1
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Figure 2a Figure 2b

Figure 3a Figure 3b
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Figure 4
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CHAPTER 8

GENERAL DISCUSSION

8.1 BASEMENT MEMBRANE PATTERNS IN BENIGN AND MALIGNANT NEO-
PLASMS

An essential feature of benign epithelial neoplasia is its restriction to the epithelial compart-
ment which implies absence of invasion. Consequently, it may be expected that immuno-
histochemical staining of the basement membrane will invariably reveal intact basement
membranes in benign tumors. This has indeed been confirmed in many studies on non-
invasive benign epithelial tumors of various tissues including the skin, breast, uterine cervix
and larynx. Two examples of this principle, which illustrate the use in daily practice, are
breast neoplasms, where intact basement membranes allow the distinction between
sclerosing adenosis and tubular carcinoma and pancreatic lesions, where basement
membrane imrnunohistochemistry facilitates the discrimination between chronic fibrosing
pancreatitis and adenocarcinoma of the pancreas. However, it has also been reported that
in benign conditions, such as epithelial dysplasia, interruptions occur. Also in inflammatory
conditions basement membrane gaps are found, presumably due to proteolytic properties
of migrating inflammatory cells.
In contrast, basement membrane degradation is regarded as a decisive step towards the
development of malignant neoplasia, because it precedes tumor invasion. Invasive tumors
may show variable basement membrane patterns, ranging from almost total absence, as
has been described in tubular carcinoma of the breast, to almost complete enveloping of
tumor cell nests with an irregular, but largely intact basement membrane, as in malignant
melanomas.

8.2 POTENTIAL SIGNIFICANCE OF BASEMENT MEMBRANE PATTERNS IN
TUMORS OF BORDERLINE MALIGNANCY

Contrasting with the extensive biochemical and cell biological research in the field of tumor
cell/extracellular matrix interaction, and with the numerous studies reporting basement
membrane patterns in malignant neoplasms, relatively few immunohistochemical studies
have been executed to investigate basement membrane characteristics in neoplasms on
the borderline between benign and malignant. Structural basement membrane alterations,
such as reduplication and focal interruption, have been described in epithelia with severe
dysplasia or in in situ carcinomas as well as in epithelial tumors of borderline malignancy.

91



In this stage of tumor cell evolution, when the neoplastic cells may transit from a non-
invasive into an invasive phenotype, complex alterations occur in the relation between the
neoplastic cell and its surrounding extracellular matrix, which creates a suitable microen-
vironment for invasive growth. Gaps in the basement membrane are caused by basement
membrane remodelling due to decreased synthesis and assembly of its components, or,
alternatively, basement membrane dissolution may be due to matrix-degrading enzymes
such as collagenases, cathepsins, plasmins and heparanases, which are secreted by tumor
cells.
If in this initial phase of tumor progression the basement membrane is visualized, a
distinction might be envisioned between lesions with an intact basement membrane, to be
regarded as benign, and lesions with basement membrane defects, to be regarded as
malignant. This would indicate that the term borderline lesion signifies the inability of the
pathologist to determine the biological potential of a lesion by routine histology. That
problem might then be solved by basement membrane immunohistochemistry. An
alternative view is that borderline lesions constitute a biological intermediate between
benign and malignant, undetermined in their biological behaviour. The primary aim of our
study was to test the first hypothesis i.e. that borderline lesions can be distinguished by
basement membrane immunohistochemistry in an intrinsically benign and a potentially
malignant group.
Using antibodies directed against specific basement membrane components, including
laminin, type IV collagen and type VII collagen immunohistochemical studies were executed
in tumors of the larynx, ovary, kidney, colon and endometrium.

8.3 OBSERVED BASEMENT MEMBRANE PATTERNS IN TUMORS OF BORDER-
LINE MALIGNANCY

In the larynx we investigated hyperplasia, dysplasia and in situ carcinoma of the mucosa.
Distinct and continuous basement membranes were found with anti laminin and type IV
collagen antibodies in normal epithelium as well as in hyperplasia and dysplasia. Besides
basement membrane discontinuity in invasive carcinomas but also in some cases of in situ
carcinoma, focal interruptions were observed in areas with adjacent inflammation.
The first observation supports our hypothesis, although follow-up studies have to be
performed to test the validity of the assumption that in situ carcinomata with basement
membrane interruptions stand a higher chance to progress towards invasive carcinoma
than those with intact basement membranes. The second observation indicates that
basement membrane interruptions only, can never be taken as convincing evidence of
malignant behaviour.
We furthermore studied borderline malignant tumors of the ovary. We studied basement
membrane patterns in these tumors and compared them with those in ovarian cystade-
nomas and cystadenocarcinomas.
In cystadenomas regular and intact basement membranes were found. Cystadenocarcino-
mas displayed irregular and interrupted basement membranes intermingled with areas of
intact basement membranes. Of the borderline tumors 70% shared a regular and intact
basement membrane pattern with cystadenomas, However, 30% of the borderline malig-
nant tumors contained small areas with an irregular and interrupted basement membrane
pattern, resembling that of invasive carcinoma.
We conclude that also in ovarian tumors of borderline malignancy basement membrane
patterns mostly are intact and therefore similar to those of benign epithelial tumors. Focal
irregular defects, possibly suggesting early invasive growth, however, occur in 30% of the
cases.
As in the laryngeal in situ carcinoma, follow-up studies have to confirm the predictive value
of basement membrane staining patterns for the prediction of the behaviour of the
neoplasm. We next investigated basement membrane patterns in small renal adeno-
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carcinomas. Based on these patterns, two groups could be discriminated. One group of
tumors contained intact and regular basement membranes and the other group showed
irregular and/or focally absent basement membranes. A statistically significant correlation
was found between basement membrane pattern and tumor size as well as nuclear grade,
both parameters correlating with metastatic potential. Therefore, even though also in these
tumors follow-up studies were not conducted, we conclude that in small renal cortical neo-
plasms basement membrane interruptions might be indicative of malignant potential.
Taken together, these three studies indicate that histopathological borderline categories
might contain distinct subpopulations with, on the basis of basement membrane patterns,
identifiable differences in behaviour. Our studies also illustrate a practical problem in valida-
tion of this assumption in obtaining sufficient material to conduct adequate follow-up
studies. Two other studies were conducted in order to elucidate the potential role of type
VII collagen depositions in lesions progressing from non-invasive to invasive.
Type VII collagen, the major component of anchoring fibrils, is mainly found in association
with surface epithelium. Its expression has been studied by other investigators in carcinoma
of larynx, endometrium and large bowel. We noted in squamous cell carcinoma of the
larynx a difference in the patterns of expression of type IV collagen and type VII collagen,
which was most pronounced in poorly differentiated tumors. Basement membranes in
sections stained for type VII collagen showed discontinuities whereas staining for type IV
collagen showed intact basement membranes, suggesting that type VII collagen is a better
indicator for early invasive growth. It also appeared that in poorly differentiated carcinoma
intracytoplasmic expression of type VII collagen occurs in the absence of type IV collagen
reactive basement membranes.

In the endometrium type VII collagen appeared gradually in the course of the menstrual
cycle, along with intact basement membranes as reflected in the pattern of staining for type
IV collagen. In atypical hyperplasia, extensive deposition of type VII collagen was found,
which gradually disappeared in adenocarcinoma. As in squamous carcinoma of the larynx,
type VII collagen deposition therefore might be related to epithelial differentiation.
Although the epithelial basement membrane of normal mucosa of the large bowel lacks
type VII collagen, this component was evidently transiently expressed in areas of dysplasia
as for example in adenomas.
The overall conclusions of these studies is that the relationship of basement membrane
staining and morphologically detectable tumor cell invasion is highly complex, with
basement membrane interruptions in inflammation, severe epithelial dysplasia, in situ
carcinoma and in invasive carcinoma. Therefore, invasive malignant neoplasia cannot be
diagnosed solely on disruptions in the basement membrane.

8.4 FUTURE PERSPECTIVE

Basement membrane morphology is only one aspect of the complex interaction between
tumor cells and the extracellular matrix and provides a fairly static view on a dynamic
process: altered balance between basement membrane assembly and degradation. Recent
studies have revealed ample information concerning the proteases and glycosidases (a.o.)
that are synthesized and released by tumor cells and stromal cells and are associated with
initiation of tumor invasion. Also the matrix, adjacent to the tumor cells is changed and
becomes permissive for the tumor cells to migrate. In this sequence of events during initial
invasion of tumor cells cell adhesion molecules and motility factors play an important role.
It is this area, that future studies might result in new insight in the interaction between
tumor cells and their surrounding matrix. Identification of new matrix-degrading enzymes,
unravelling of the role of plasminogen activators and plasmin, the significance of motility
factors and new information on cell-adhesion molecules and integrin extracellular matrix
receptors will extend our understanding of tumor cell invasion and provide us with tools for
more accurate tumor diagnosis and determination of tumor behaviour.
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SUMMARY

is fhss thesis 6 sts ies are reported concerning the eondSsfi af the basement imem&fafw In
e p i c a l iteapiasiss, «iiteh reflects the intemstisn between the tumef eeite, the sterna!
eeis srxi the ssteoefiylar f^attm. l i re appearance of the basement membrane eatlH fee
wsaafeeci i>y ifjwmnshfstashejrastry, using poiydonal and monoclonal antibodies directed
agassst bminai, ^pe IV esiagen and type Vil collagen. These proteins occur an!y in the

As this method has been extensively used to study invasive tumors, we limited our
invssigaions to tenors that afe on the borderline between benign and malignant. As the
histoiogical diagnosis "tumor of borderline malignancy" generally is made by routine stains,
which do not visualize the basement membrane, the aim of our studies was te subdivide
tumors of borderline malignancy in a group with intact baseroent membranes and a §f©yp
with interrupted basement membranes. If the difference would correlate with a different,
more aggressive biological behaviour, being reflected by interruptions of the basement
membrane, this would be of diagnostic importance.
In Chapter 1 the aims of the studies are defined and the structure, composition and
function of the basement membrane is outlined. Presently, it is generally accepted that the
basement membrane is not a static border between epithelial cells and the adjacent
stroma, but a dynamic structure, which appears to be continuously synthesized and
degraded. The balance between synthesis and degradation is grossly disturbed in
malignant conditions.
Finally, an overview is presented of the basement membrane patterns in benign and
malignant tumors and a review of the literature concerning basement membrane patterns in
tumors of borderline malignancy.
Chapter 2 describes basement membrane patterns in the larynx: biopsies with normal
mucosa, dysplasia and in situ carcinoma were studied. As could be anticipated, intact
basement membranes were found in the normal mucosa, both with laminin and type IV col-
lagen. Basement membranes in dysplastic epithelium also appeared to be continuous, but
defects were observed in carcinoma, in some cases of in situ carcinoma and in areas of
inflammation. It was concluded that basement membrane immunohistochemistry could be
of value for the demonstration of microinvasive growth in laryngeal cancer, but that the
basement membrane can also be degraded by inflammatory cells.
Chapter 3 reports basement membrane patterns in 3 groups of tumors of the ovary:
cystadenomas, cystadenocarcinomas and tumors of borderline malignancy. Antisera were
used against laminin and type IV collagen. Cystadenomas displayed intact basement
membranes. In cystadenocarcinomas, serous and mucinous, a different pattern was
observed: areas with irregular or absent basement membranes but also deposition of
basement membranes between tumor cells and stroma. Tumors with borderline malignancy
shared a regular basement membrane pattern with cystadenomas. However, thirty percent
of this group contained small areas where basement membranes were lacking, resembling
the pattern of cystadenocarcinomas.
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From the results of this study, we conclude, that the basement membranes in cystadeno-
mas are intact, while cystadenocarcinomas contain irregular basement membranes. Tumors
of borderline malignancy can be subdivided into a group that contains intact basement
membranes (like cystadenomas) and a group in which irregular basement membranes are
found (resembling patterns in cystadenocarcinomas).
Chapter 4 describes a study of basement membranes patterns in a group of small renal
cortical tumors of which the biological behaviour is unpredictable. Several investigators
studied the possibility of a correlation between tumor size, stage, histological subtype and
karyotype on the one side and clinical parameters of tumor behaviour on the other. This,
however, has not resulted in the identification of parameters, which unambiguously
distinguish benign from malignant lesions.
In principle the presence or absence of invasive growth might provide a more reliable
parameter of tumor behaviour. In order to investigate this possibility, we executed an
immunohistochemical study of basement membrane patterns in small renal cortical
neoplasms with emphasis on patterns in the centre and the periphery of the tumor. We
furthermore studied the relation between deposition of basement membrane components
and nuclear grade, which in stage 1 tumors can distinguish between high grade, more fre-
quently metastasizing tumors and low grade, less frequently metastasizing tumors.
The results of our study show that, on the basis of basement membrane patterns, two
groups can be distinguished. One group of tumors contains intact basement membranes
similar to in situ carcinomas and the other group shows focally or totally absent basement
membranes, corresponding with tumors with invasive growth. Tumors with low nuclear
grade mostly contain regular and intact basement membranes, in contrast to high grade
tumors.
In Chapter 5 the presence of type IV collagen and type VII collagen was assessed in the
basement membrane of the upper respiratory tract mucosa and the distribution pattern of
these components was evaluated in squamous cell carcinoma of this region.
Basement membrane patterns were investigated, using immunohistochemical methods, and
their presence was assessed semi-quantitatively in relation to tumor cell differentiation. Co-
expression of type IV collagen and type VII collagen was studied using double immuno-
fluorescence.
The results indicate that the expression of the two basement membrane components is
correlated and is also dependent on tumor cell differentiation: with decreasing level of
differentiation the tendency of tumor cells to deposit basement membrane material
decreases. In poorly differentiated tumors some cells with intracellular deposition of type VII
collagen fail to deposit this component extracellularly.
The findings of this study suggest that type VII collagen might be a more sensitive indicator
for invasive growth than type IV collagen, because it disappears earlier. Furthermore the
results indicate that type VII collagen synthesis is regulated independent from type IV
collagen synthesis, but its extracellular deposition appears to depend on the availability of a
type IV collagen matrix. Intracytoplasmic type VII collagen expression might be used as a
progression marker for squamous cell carcinoma.
In Chapter 6 the distribution of type IV collagen and type VII collagen in the basement
membranes of normal mucosa of the colon, adenomas and adenocarcinomas is described,
using immunoperoxidase and immunofluorescence techniques. In normal mucosa we found
regular type IV collagen positive basement membranes, lining vascular structures and
mucosal epithelia. These basement membranes, however, lacked type VII collagen.
In adenomas of the colon intact basement membranes were observed through type IV
collagen staining. Type VII collagen staining was also detected, but only in connection with
dysplastic epithelium. Adjacent to the dysplastic epithelium in adenomas, histologically
normal epithelium also showed type VII collagen staining along the basement membrane,
but restricted to the epithelium of the luminal surface. These areas were also investigated
for expression of keratins 8, 18 and 19 and keratins 5 and 8 (monoclonal antibodies NCL-
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5D3 and RCK 102 respectively), but altered differentiation was not detected using this
technique.
In adenocarcinomas of the colon, type IV collagen was irregularly deposited in the
basement membrane of neoplastic tubules. Type VII collagen staining was only detected in
well or moderately differentiated carcinomas and in higher amounts.
Our findings, therefore, reveal a transient expression of type VII collagen in the transition of
dysplastic epithelium into carcinoma, suggesting the involvement of type VII collagen in the
process of early invasion.
In Chapter 7 the staining patterns for the basement membrane components type IV and
type VII collagen in the different phases of the menstrual cycle were studied immunohisto-
chemically using an indirect immunoperoxidase technique as well as immunofluorescence
doublestaining. In addition the staining patterns in hyperplasia and adenocarcinoma of the
endometrium were investigated.
The normal endometrium showed epithelial basement membranes with continuous staining
for type IV collagen. However, type VII collagen was only present in epithelial basement
membranes in the superficial layer of the lamina functionalis of the endometrium only in the
late proliferative phase and in the secretory phase. Hyperplastic endometrium showed
continuous basement membranes when stained both for type IV collagen and type VII
collagen. However, in areas with cellular atypia discontinuities were found in the basement
membranes when stained for type VII collagen. Staining for basement membrane compo-
nents was even more abnormal in adenocarcinomas of the endometrium, where type IV
collagen staining was discontinuous, while type VII collagen was completely absent.
Our results indicate that type VII collagen is more widely distributed than previously
assumed. Furthermore, in the development of endometrial neoplasia basement membrane
abnormalities are reflected earlier in type VII collagen than in type IV collagen deposition.
The potential for diagnostic use of this finding needs to be further investigated.
In chapter 8 an overview is given of basement membrane characteristics in benign and
malignant neoplasms. Basement membrane patterns in tumors of borderline malignancy
are discussed with respect to their possible biological behaviour and potential diagnostic
significance. Finally, the potential role of type VII collagen depositions in lesions progress-
ing from non-invasive to invasive were discussed.
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SAMENVATTING

In dit proefschrift worden de resultaten beschreven van een zestal immunohistochemische
studies op het gebied van veranderingen van de basaalmembraan in epitheliale tumoren.
Omdat, blijkens omvangrijke literatuur, reeds vrij veel onderzoek werd verricht naar de ver-
schijningsvormen van de basaal membraan bij invasief groeiende tumoren, hebben wij de
nadruk bij onze studies gelegd bij processen met beginnende en (bij conventionele
kleuringsmethoden) onzekere kwaadaardigheid, respectievelijk "carcinoma in situ" en
"borderline tumoren".
De basaal membraan kon hierbij specifiek zichtbaar worden gemaakt met behulp van
immunohistochemie op weefselcoupes, waarbij gebruik werd gemaakt van polyclonale en
monoclonale antilichamen, gericht tegen basaalmembraan-specifieke eiwitten als laminine,
type IV collageen en type VII collageen.
In hoofdstuk 1 wordt het onderzoeksgebied ingeleid. De structuur en samenstelling van de
basaalmembraan wordt beschreven op geleide van de in de literatuur beschikbare
gegevens. Ook wordt gewezen op de dynamiek van de basaalmembraan en de relatie en
interactie met de extracellulaire matrix en de cellen, die met de basaalmembraan geasso-
cieerd zijn. Deze onderlinge beinvloeding vindt ook plaats onder omstandigheden, waarbij
de normale ontwikkeling van de cellen verstoord is. In dit gebied is reeds veel onderzoek
verricht, de laatste tien jaar. Er wordt een uitgebreid overzicht gegeven over de resultaten
van dit onderzoek, zowel bij goedaardige als kwaadaardige tumoren en er wordt een
overzicht gegeven van de reeds verschenen publikaties op het gebied van grensvlaktu-
moren en tumoren van onzekere kwaadaardigheid. Het hoofdstuk wordt besloten met een
uitgebreide lijst van publikaties op dit gebied.
Hoofdstuk 2 bevat de beschrijving en resultaten van een onderzoek naar het patroon van
de basaal membraan in normaal slijmvlies van de larynx, bij hyperplasie, dysplasie en
carcinoma in situ, waarbij gebruik werd gemaakt van antilichamen gericht tegen laminine
en type IV collageen. Een regelmatig patroon van de basaal membraan werd gezien in
normaal slijmvlies. Hierbij werd de basaal membraan gezien als een smalle, streepvormige
en ononderbroken structuur. De patronen bij de immunohistochemische kleuringen met
laminine en type IV collageen waren identiek. Ononderbroken basaal membranen werden
ook aangetroffen bij dysplastisch epitheel, terwijl defecten waargenomen werden bij het
carcinoom. Bij het carcinoma in situ bleek de basaal membraan in sommige gevallen en op
gelokaliseerde plaatsen defecten te bevatten. Daarnaast is gebleken, dat basaal mem-
braandefecten ook konden ontstaan in gebieden met ontstekingsactiviteit. In de gevallen,
waar dit waargenomen werd, toonde het bekledende epitheel hyperplastische of dysplas-
tische kenmerken, maar ook in gevallen met carcinoma in situ, waarbij een ontstekings-
component aanwezig was.
De waarde van deze methode bij de histopathologische diagnostiek van deze groep van
aandoeningen in de larynx werd bediscussieerd.
In hoofdstuk 3 is het onderzoek gericht op basaal membraanpatronen bij ovariumtumoren
van "borderline" maligniteitsgraad. De verkregen resultaten werden vergeleken met basaal

99



membraan patronen bij cystadenomen en cystadenocarcinomen van het ovarium. Er werd
gebruik gemaakt van antilichamen gericht tegen laminine en type IV collageen. In tegen-
stelling tot de groep van de cystadenomen, waarbij de basaal membraan regelmatig
gevormd en overal intact bleek, was het expressiepatroon bij de groep van de cystadeno-
carcinomen onregelmatig en op talrijke plaatsen afwezig.
Het patroon van de basaal membraan bij de groep van ovariumtumoren met "borderline"
maligniteit toonde in principe een identiek beeld als in de groep cystadenomen. Echter
bleek in 30% van de gevallen de basaal membraan onregelmatige defecten te bevatten. De
resultaten wijzen er op, dat -uitgaande van het basaal membraanexpressiepatroon- de
groepen met cystadenomen en cystadenocarcinomen homogeen zijn, terwijl in de groep
ovariumtumoren met "borderline" maligniteit twee subgroepen zijn te onderscheiden,
waarbij het basaal membraanexpressiepatroon van de ene subgroep overeenkomt met dat
van cystadenomen, en van de tweede subgroep lokaal overeenkomt met het irregulaire
patroon in cystadenocarcinomen.
In hoofdstuk 4 worden de resultaten vermeld van een studie naar basaal membraanpatro-
nen bij een groep van kleine tumoren van de nier, waarvan het biologische gedrag moeilijk
voorpelbaar is. Gebruik makend van antistoffen, gericht tegen laminine en type IV
collageen werden 41 tumoren van de nier, gediagnostiseerd als "niercel carcinoom" of
"adenoom van de nierschors" en in diameter varierend van enkele millimeters tot 6 cm, op
het basaal membraan expressiepatroon onderzocht. De vraagstelling richtte zich met name
op een mogelijke relatie tussen basaal membraanpatronen en morfologische parameters
als kernpolymorfie (uitgedrukt in "nuclear grade") en diameter van de tumor, die beide van
prognostische waarde zijn.
De bevindingen wezen uit, dat in deze groep tumoren voorkomen met intacte basaal
membranen en tumoren, waarbij de basaal membraan onregelmatig gevormde defecten
bevat. Een intacte basaal membraan werd significant meer aangetroffen in kleine niertumo-
ren, met een diameter minder dan 10 mm, terwijl de meeste van de grotere tumoren
defecten lieten zien. Beoordeling van de "nuclear grade" in relatie tot deze diametercate-
gorieen leverde op, dat laaggradige tumoren significant meer voorkwamen in de groep
tumoren met een diameter minder dan 10 mm.
Aangezien uit de literatuur bekend is, dat laaggradige tumoren significant minder metasta-
seren dan hooggradige tumoren en gezien de intacte basaal membranen in deze categorie,
concluderen wij, dat voor het biologisch gedrag van een niertumor de diameter van meer of
minder dan 10 mm van meer belang is, dan de diameter van 3 cm, zoals totnogtoe regel
werd aangenomen. Deze conclusie zou nog in een grotere meerjarenstudie moeten worden
getoetst, waarin ook klinische follow-up gegevens konden worden betrokken.
Hoofdstuk 5 bevat de resultaten van een studie naar de expressiepatronen van type IV
collageen en type VII collageen in het slijmvlies van mond- en keelholte en in het plaveisel-
celcarcinoom van deze regio. Bij dit onderzoek werd gebruik gemaakt van een dubbelfluor-
escentiemethode. Ook werd gezocht naar een mogelijke relatie tussen expressie van deze
beide basaal membraaneiwitten en tumordifferentiatie. De resultaten van het onderzoek
wijzen uit, dat de depositiepatronen van type IV collageen en type VII collageen identiek
zijn in de basaal membraan van het slijmvlies epitheel en de afvoerbuisjes van de
speekselkliertjes, maar verschillend bij het klierepitheel, bloedvaatjes, spiervezels,
zenuwvezels en vetcellen, waar type IV collageen wel aanwezig was in de basaalmem-
braan in tegenstelling tot type VII collageen. Wanneer de expressiepatronen van beide
antigenen werden vergeleken, dan bleek, dat er een toenemende co-expressie was,
naarmate het carcinoom beter gedifferentieerd was. Bovendien bleek er intracytoplasma-
tische expressie van type VII collageen in alle slecht gedifferentieerde en sommige van de
matig gedifferentieerde carcinomen, waarbij het vermogen om type VII collageen extracel-
lulair af te zetten kennelijk niet aanwezig was. De resultaten suggereren, dat type VII
collageenexpressie een gevoelige indicator is voor invasieve groei bij maligne tumoren.
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In hoofdstuk 6 wordt het expressiepatroon van type IV collageen en type VII collageen
beschreven in het normale slijmvlies van de dikke darm, in adenomen en adenocar-
cinomen, ontstaan uit dit slijmvlies
Er bleek een discrepantie in het vdorkomen van deze componenten, waarbij type IV
collageen in regelmatige patronen gezien werd in de basaal membraan van het epitheel,
van bloedvaatjes, spier- en zenuwvezels en type VII collageen geheel ontbrak. Bij
adenomen werden, bij gebruik van type IV collageen, regelmatige basaal membraan
patronen waargenomen. Type VII collageen expressie werd uitsluitend aangetroffen in de
basaal membraan grenzend aan dysplastisch epitheel en het oppervlakkige, histologische
normaal gebouwde epitheel in de onmiddellijke omgeving van het adenoom. Met behulp
van antilichamen, gericht tegen hoog- en laagmoleculaire keratines werd geen aanwijzing
gevonden voor gewijzigde differentiatie van cellen grenzend aan de basaal membraan met
type VII collageen expressie.
Bij adenocarcinomen van de dikke darm werd onregelmatige expressie gezien van type IV
collageen, wijzend op uitgebreide defecten. Ook hier was het expressiepatroon niet identiek
met type VII collageen, omdat deze component alleen in goed en matig gedifferentieerde
tumoren werd aangetroffen.
De in dit hoofdstuk vermelde bevindingen wijzen op een voorbijgaande expressie van type
VII collageen, welke alleen waargenomen wordt bij epitheel met dysplastische veran-
deringen en carcinomen van matige of hoge differentiatiegraad. Ook hier zou type VII
collageen een waardevolle indicator kunnen zijn bij vaststelling van vroeg invasieve groei
bij adenocarcinomen van de dikke darm.
In hoofdstuk 7 worden de resultaten beschreven van een studie naar de expressiepatro-
nen van type IV collageen en type VII collageen in het endometrium bij de fysiologische,
hormonaal bepaalde fasen, bij hyperplasie van het endometrium en bij het adenocarci-
noom.
Omdat onderlinge vergelijking van deze expressiepatronen tot het onderwerp van de studie
behoorde, werd ook immunofluorescentie dubbelkleuring aangewend.
Bij het normale endometrium werden met type IV collageen normaal gevormde basaal
membranen gezien. Type VII collageen werd uitsluitend waargenomen in de meer
oppervlakkige niveau's van het endometrium en dan aan het eind van de proliferatiefase en
in de secretiefase. Bij hyperplasie zonder epitheelatypie bleek er een vrijwel identiek
expressiepatroon van type IV en type VII collageen; in gevallen van endometriumhyper-
plasie met epitheelatypie bleek de basaal membraan ononderbroken en regelmatige
immunoreactiviteit voor type IV collageen te bezitten, terwijl immunoreactiviteit voor type VII
collageen op sommige plaatsen afwezig bleek.
Bij het adenocarcinoom werden onregelmatige type IV collageen expressiepatronen gezien,
terwijl type VII collageen immunoreactiviteit geheel ontbrak.
De resultaten van deze studie tonen aan, dat type VII collageen tijdens het verloop van de
menstruele cyclus in het oppervlakkige niveau tot expressie komt. Dit fenomeen, en de
verschillende type IV en type VII collageen expressie berust mogelijk op de specifieke, en
van type IV collageen afwijkende functie. Aangezien type VII collageen geassocieerd wordt
met de verankeringsfibrillen tussen basaal membraan en aangrenzend stroma, zou
expressie van dit eiwit kunnen wijzen op de noodzaak van steviger hechting van epitheel
aan het stroma, bijvoorbeeld bij inwerking van uitwendige wrijvingskrachten op het
oppervlakkige epitheel van het endometriumslijmvlies. De discrepante expressie van beide
basaal membraan componenten bij endometriumhyperplasie zou mogelijk van belang
kunnen zijn bij histologische diagnostiek in het grensgebied tussen atypie en invasieve
groei.
Hoofdstuk 8, tenslotte, geeft een overzicht van de resultaten van de studies tegen de
achtergrond van interacties tussen tumorcellen, basaal membraan en extracellulaire matrix
bij invasief groeiende tumoren en in het bizonder tumoren met beginnende invasieve groei
en tumoren met "borderline" maligniteit.
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Er wordt op gewezen, dat de resultaten van de studies aanwijzingen geven voor het
biologische gedrag van deze tumoren en van belang kunnen zijn voor de diagnostische
histopathologie. Om deze aanwijzingen om te zetten in concreet toepasbare, wetenschap-
pelijk gefundeerde criteria, is uitbreiding met klinisch-pathologische follow-up studies
geindiceerd en noodzakelijk.
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DANKWOORD

Het is nu circa 4 jaar geleden, dat, tijdens een wandeltocht langs de Jeker en op weg naar
de bron van deze rivier, de kiel werd gelegd voor dit proefschrift. Na met Jan Willem
Arends en Henny Peltenburg, vanaf Maastricht een dag lang de rivier stroomopwaarts
gevolgd te hebben en in Tongeren (Belgie) in een Italiaans restaurant te hebben gegeten
("wenst U de spaghetti met of zonder frites, heren?"), kwam tijdens het natafelen in cafe
"Relax", nabij het station van Tongeren, het onderwerp "promoveren" ter sprake. Hierbij
suggereerden mijn wandelgenoten om de reeds verrichtte inspanningen op het gebied van
basaal membraan immunohistochemie uit te breiden tot een promotiewaardig onderzoek.
Het resultaat ligt voor U. Het is tot stand gekomen, mede dankzij de directe of indirecte
betrokkenheid van velen en voor een belangrijk deel bewerkt binnen de vakgroep Patholo-
gie van de Rijksuniversiteit Limburg te Maastricht. Hier waren het Margriet Pijls, Birgitte
Kuypers-Engelen en Annick Moors, die op voortreffelijke wijze voor de immunohisto-
chemische bewerkingen zorgdroegen. Het materiaal werd grotendeels verzameld uit het
archief van de vakgroep Pathologie van het Academisch Ziekenhuis Maastricht, maar ook
werd materiaal verkregen van de afdeling Pathologie van het "de Wever" ziekenhuis te
Heerlen (hoofd: dr Joh Koudstaal) en door de medewerking van dr Johan van der Beek
(vakgroep Keel-, neus- en oorheelkunde), prof dr RW Stockbrugger (vakgroep Interne
geneeskunde, gastro-enterologie), de medewerksters van de polikliniek gastro-enterologie,
dr Delemarre (destijds hoofd van de afd Pathologie van het Nederlands Kanker Instituut te
Amsterdam) en dr Fibo ten Kate (toentertijd verbonden aan de afd Pathologie van de
Erasmus Universiteit te Rotterdam). Bij de statistische berekeningen ben ik geholpen door
Geert Jan Tangelder (vakgroep Fysiologie) en Erik Thunnissen (vakgroep Pathologie).
Bij de fotografische opnamen werd geadviseerd door de Audiovisuele Dienst van het
Academisch Ziekenhuis Maastricht en de foto's werden door Eline Huiben afgedrukt op de
afdeling Fotografie van het Gerechtelijk Laboratorium (Hr van den Heuvel).
Bij de tekstverwerking heb ik nuttige en bruikbare tips en adviezen gekregen van de heren
van der Wulp en Oeij (afd Informatie & Automatisering van het G.L.) en voor het uitprinten
heb ik meermalen van hun faciliteiten gebruik mogen maken. Bij de afwerking van de
opmaak van het manuscript ben ik op uitstekende wijze bijgestaan door Ruud Leliveld van
Datawyse (Maastricht), die op welhaast virtuoze wijze met de computer weet om te gaan.
Ik wilde dit dankwoord niet beeindigen zonder prof dr Roelof Willighagen genoemd te
hebben, die, als coordinator van het keuze-onderwijs Pathologie in Leiden, mijn belangstel-
ling voor dit specialisme wist te op te wekken, hetgeen resulteerde in een opleiding te
Maastricht bij prof dr GJV Swaen.

Gedurende deze voor mij belangrijke en bijzondere Maastrichtse periode heb in diverse
functies met velen samengewerkt. Ook ben ik, gesuperviseerd door prof dr Fre Bosman, in
de gelegenheid geweest wetenschappelijk onderzoek te verrichten. Dit proefschrift is dan
ook in nauwe samenwerking met hem en prof dr Jan Willem Arends tot stand gekomen,
met hulp c.q. adviezen van (binnenkort dr) Adriaan de Brume (vakgroep Pathologie) en dr
Miek Havenith (Streeklaboratorium voor Pathologie te Enschede).
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De kritische commentaren en suggesties van de beoordelingscommissie, bestaande uit prof
dr FCS Ramaekers, prof dr RW Stockbrugger, prof dr G Kootstra, prof dr J Drukker en prof
dr DJ Ruiter hebben tot verbetering van vorm en inhoud geleid.
Op enkele, voor mij belangrijke momenten kon ik in alle rust en daardoor op efficients
wijze, delen van dit proefschrift schrijven in de inspirerende atmosfeer en omgeving van het
Groot Seminarie te Brugge (prof dr Adelbert Denaux).
Een belangrijk deel van het proefschrift werd geschreven tijdens mijn huidige aanstelling bij
het Laboratorium voor Gerechtelijke Pathologie te Rijswijk. Ik hoop, dat ik de ervaring, die
bij het schrijven van dit proefschrift is opgedaan, kan aanwenden bij het verder ontwikkelen
van de forensische pathologie in Rijswijk.
Tenslotte wilde ik Sonja, Rinske, Maarten en Iris noemen, die door hun creatieve aanpas-
sing in de nieuwe omgeving en inzet bij verhuizing en verbouwing op indirecte wijze een
bijzondere aandeel hebben gehad bij de totstandkoming van dit proefschrift.
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